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rocks examined under the microscope, have yielded more 
abundant and at the same time more certain' and defin- 
ite information concerning the origin and history of 
these rocks together with their mineral contents, than 
almost all other methods of investigation combined. If 
we are to keep at all in line with the progress of the 
world in the study and presentation of our natural re- 
sources, it will not do to neglect any of the sources of in- 
formation which modern methods of scientific investiga- 
tion place at our disposal; 

We are therefore to. be accounted fortunate in having 
the notes of Dr. Clements and Mr. Brooks upon some of 
our typical rock varieties, and our obligations to these 
gentlemen, and to the authorities of the United States 
Geological Survey, with which Mr. Brooks is connected, 
are not lessened by the circumstance that these notes 
have been contributed without cost to our State Survey. 
Very respectfully, 

EUGENE A. SMITH, 

University of Alabama, June 15, 1896. 
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PARTI. 
A PRELIMINARY REPORT ON THE 

UPPER GOLD BELT OF ALABAMA. 

IN THE COUNTIES OF [CLEBURNE, RANDOLPH,' CLAY, pAL- 
LADEGA, ELMORE, COOSA, AND TALLAPOOSA. 



By 

William M. Brewer, 






LETTER OF TI^ANSMITTAL. 



To Dr. Eugene A. Smith, 

State Geologist: 

DsAB Sir : — With this I hand you my report on the 
gold occurrences of the Upper Belt of the Alabama Gold 
Regions. 

The fielci work which furnishes the material for the 
greater part of these notes was done during the summers 
of 1893-4. Since that time, however, I have had occa- 
sion to revisit several parts of the field where active 
work of prospecting or mining Was being carried on, and 
to revise the notes, and bring them up to date. This 
will explain the lack of compactness or unity in some of 
the descriptions, especially of the Pinetucky, Idaho and 
Arbacoochee Districts. 

In describing the gold deposits, I have in this report, 
commonly spoken of them as bedded veins, stratified de- 
posits, etc., and have made use of the terms stratifica- 
tion, strata, and beds, in connection with the rocks of 
the country. These are the terms most naturally sug- 
gested by the general appearances, and they will perhaps 
be better understood by the majority of those who may 
make use of this report. 

I am aware, however, of the fact that the structure of 
these crystalline rocks may in many cases have no con- 
nection with stratification, since the fully crystalline 
schists are now generally considered to have been derived 
by metamorphism from massive igneous rocks, and even 
in the rocks of sedimentary origin — like the Talladega 
slates — the planes of cleavage may not necessarily be the 
planes of original stratification. 

With this explanation I trust that my use of the terms 



4 GBOLOGICAL SURVEY OF ALABAMA. 

above indicated may not be wholly objectionable, although 
strict accuracy would perhaps suggest that they be dis- 
carded, and the terms ^' Stringer-leads, '^ ** Linked veins, ^' 
''Schistosity,'' and ''Schists,'' etc., be substituted. 

Wm. M. Brewer. 
Heflin, Ala., April 10th, 1896. 



SILVER HILL GOLD DISTRICT. 



TSE XTFFEIl QOLD BELT. 



In the report of Dr. Wm. B. Phillips (Bulletin No. 3) 
on the Lower Gold Belt of Alabama, he refers to a divis- 
ion of the gold fields of the State into ' 'Upper" and "Low- 
er'' for convenience of reference. 

The dividing line, which is the boundary between the 
counties of Talladega, Clay and Randolph, on the north, 
and Coosa, Tallapoosa, and Chambers on the south, I 
have respected in my examinations. 

Beyond the connecting of the formation of the distinct 
leads of gold bearing ore, and the determining of the 
continuity along the line of strike of these leads which 
have their south-western terminations in the Lower 
Gold Belt, no reference will be found in this report to 
occurrence of gold bearing ore south of this dividing line, 
except in some cases not referred to in Dr. Phillips' re- 
port, because of his being called from the field by the 
reavson of sickness in his family, before the completion 
of his survey. 

Consequently, while this report is on the Upper Gold 
Belt as just defined, the first pages are devoted to a fur- 
ther description of that section of the Lower, omitted by 
Dr. Phillips in his report above cited. 
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SILVER HILL BELT. . 

TOPOGilAPHICAL AND O-EOLOGICAL FEATURES. 

The name above given was taken from the mine sit- 
uated in the hill locally known by that name, in Sees. 
16 and 17, T. 20, R. 22; and about H miles south of 
that prominent feature of the landscape, mentioned both 
by Prof. Tuomey in his report dated 1858, and Dr. 
Phillips in his, dated 1892, and referred to by them as 
the ''Devil's Back-bone." 

The fact that this is the most south-easterly of any 
belt or series of leads of gold-bearing ore in the State, is 
one of my reasons for taking it up first in my report. 

In both the reports above referred to, no particular 
mention is made of the extent longitudinally of this bold 
ridge, or of the location of its south-western extremity 
which I found to be in Sec. 18, T. 19, R. 21 in Elmore 
county, about 2 miles north-east of Eclectic P.O. There 
it is that the 'Talladega' semi-crystalline slate is first seen 
as one travels north-east from Wetumpka ; and there also 
is the point where the ridge, which extends as a bold 
feature of the landscape across this section of the State, 
and into Georgia, first assumes definite outlines. 

The name of "Devil's Back-bone" does not receive 
local recognition in Elmore county, nor does the ridge 
assume its full proportions so far as height and barren- 
ness are concerned until it crosses into Tallapoosa county 
at the extreme north-east corner of Elmore county. 

The strata of semi-crystalline slate and quartzite which 
compose this ridge have their lines of strike north-east 
and south-west with a south-east dip, and consequently 
the ridge itself possesses the same trend, maintaining its 
continuity persistently in this portion of Elmore county, 
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except where it is cut through by Channahatchee and 
Kielijah creeks. 

MINING OPBRATIONS. 

Channahatchee Creek and Peru Branch, 

While gold has been discovered immediately on the crest 
of this ridge in Tallapoosa county, yet so far as at present 
known, such is not the case in Elmore. Limited prospect- 
ing work has been done in years past on Channahatchee 
creek, but such was abandoned, almost beyond the recol- 
lection of the oldest settlers ;and despite recent excitements 
on the north-eastern side of the river on this belt of semi- 
crystalline slate, in which several gold-bearing ore bodies 
have been discovered, no one has faith enough to pros- 
pect this ridge on the south-western side. 

This ''Devil's Back-bone'' ridge crosses the Tallapoosa 
river in Sec. 32, T. 21, R. 22, and preserving its general 
characteristics in a north-easterly course, crosses the Co- 
lumbus and Western Railroad at Jackson's Gap Station ; 
and again crosses the Tallapoosa river near the northern 
borders of the Horse Shoe Bend in which is located the 
old battle ground where Gen. Jackson routed the Indians. 

The '*New Yorker Shoals" also cross the river in the 
same vicinity in Sec. 24, T. 23, R. 23 E. or to locate the 
crossing exactly, this range line follows the river 
which at this point runs north for a short distance. 
The ''Devil's Back-bone," while its course can be readily 
traced to the north-east, across the Tallapoosa for the 
. third time, near Denny's ferry in the north-western cor- 
ner of Chambers county, thence across Randolph county 
and into Georgia, does not form as prominent a land 
mark as in the vicinity of the gold mining district in 
Tallapoosa county. The semi-crystalline Talladega 
slates and quartzites form the ridge and its flanks 
throughout this entire distance, and many of the occur- 
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rences of gold-bearing quartz are associated with these 
rocks. 

Besides the old workings referred to already, on Chan- 
nahatchee Chreek, I was also informed of other prospect- 
ing which had been done in the past in Elmore county 
in this vicinity on Peru Branch. But it is impossible to 
•get any thoroughly reliable information as to the results 
of this early work, which was carried on in the most 
primitive methods of gold mining, and only the ore near 
the surface which was thoroughly oxidised was treated, 
together with any placer gravel beds that occurred on 
the creeks and branches. i 

Silver Hilly Blue Hill, and Northeastward, 

One fact is noticeable throughout this Silver Hill belt ; 
from beyond Blue Hill, which is located m Sec. 33, T, 
21, R. 22, in a north-easterly direction, no prospecting 
has been done anywhere on the bold and prominent 
quartz outcroppings, which rise above the apex of the 
i;idge proper, in many places, to the height of 10 or 12 
feet. These outcroppings are composed of a sugary 
quartz, many samples from which, I found, panned 
colors; as also was ascertained by Dr. Phillips.* The 
reason why no work has been carried on is obvious, 
for except where this ridge is cross cut by the river and 
creeks, to obtain the water supply necessary for conducting 
mining and milling operations would require the invest- 
ment of large capital to render it available. 

For this reason, as well as because the ore is invari- 
ably richer, all mining, except in the immediate vicinity 
of Blue and Silver Hills, has been carried on in the less 
prominent ridges in the same country rock, which paral- 
lel the Back-bone proper. 

In traveling to the north-east from Blue Hill I found 

♦Bulletin No. 3, Alabama GeologicaL Survey. 
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that the gold-bearing quartz and graphitic slates were 
not as closely associated as is the case at Blue and Greg- 
ory Hills (both in the same land section) , where the two 
become a conglomerated mass so intermixed and irregu- 
lar in structure that it is impossible to separate the one 
from the other, and the entire hill sides are quarried 
down and sent to the mill. This product from the mines 
was yielding, at the time of my visit, about $2.00 a ton, 
or rather that amount was saved. I am of opinion 
though, after panning several average samples, that at 
least double this amount would be saved, were some 
process devised for eliminating the graphite before amal- 
gamation was attempted. Apart from this graphite the 
ore which I saw mined at Blue Hill had no refractory 
characteristics, but in the other mines in the vicinity the 
ore is heavily sulphuretted, even at shallow depth. A 
sample of ore from the Nichols opening, near Blue Hill, 
gave on analysis $8.66 per ton. This ore has very little 
graphite. The Devil's Backbone, and indeed the entire 
belt of semi-crystaline slates are partially or entirely 
cross cut at irregular intervals by the waters of Big 
Sandy Creek, at Pace's mill. Sec. 15, T. 21, R. 22 E. ; 
by Manoa Creek, Sec. 34, T. 22, R. 22 E. ; by Jackson's 
Gap cut on the Columbus and Western Railroad, Sec. 
13, T. 22, R. 22 E. ; by the Tallapoosa River at Horse- 
shoQ Bend, already referred to ; by Jay Bird Creek be- 
tween Jackson's Gap and the Horseshoe Bend, Sec. 33, 
T. 22, R. 23 E. ; by Galloway Creek and Hardnett's Mill 
Creek, two miles south of Daviston P. 0. near the north- 
east corner of Tallapoosa county ; by the Tallapoosa River 
at Denny's Ferry in Chambers county; and by some of 
the head-waters of High Pine Creek in Randolph county ; 
as well as by the headwaters of Wehadkee Creek in the 
same county near the State line. 

Jackson'^ Gap, which I have referred to as cross cutting 
the Backbone, aflEbrds a good opportunity for studying 
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the formation and structure of this ridge. In a deep cut 
made by the railroad, about 25 feet in depth and 400 in 
length, I noticed that the strata of slate and quartz have 
been twisted and folded into snake-like contortions, hav- 
ing no regularity in dip or thickness, as depth is at- 
tained. The stringers of quartz are interpolated between 
the slates, without any conformity, and having a lentic- 
ular or kidney-like structure. A thick outcrop at the 
surface in several places pinches out a few feet below ; 
while in other instances although no outcrop occurs at 
the surface, yet 10 or 20 feet below kidneys of quartz 
are seen imbedded between the slates in masses and 
pockets ; in one case, attaining a thickness of several 
feet at the bottom or floor of the cut, and this body of 
quartz extended below the bottom or floor of the cut. 

From the formation m this cut, also from the fact that 
the Bonner-Terrell and Gunn properties located on a 
parallel ridge possess the same structure, I am inclined 
to the opinion that gold mining in this vicinity would 
prove quite uncertain. 

In width, I find that this belt of semi-crystalline slate 
with the associated gold-bearing ore, is more extensive 
than is generally supposed. While the main lead appa- 
rently outcrops along the crest of the Devil's Backbone, 
I observed outcrops and old workings, at many points 
along the line of strike of the belt, more than a mile and 
a half to the south-east ; but the DeviFs Backbone appa- 
rently marks the line of the northwestern border ; beyond 
which you pass at once into gneiss and mica-schist. 

Bonner-Terrell Mine and Vicinity, — In the vicinity of 
Jackson's Gap there are only two known evidences of 
gold bearing ore. These are the Bonner-Terrell and 
Preacher Gunn properties. The first named is located 
on Sec. 19, T. 12, R. 23. It was worked to some extent, 
as the old openings demonstrate, some years since, and a 
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stamp mill was run on the ore; but for some reasons the 
old openings were abandoned and allowed to cave in, 
the mill was torn down and moved away, and to-day it is 
impossible to form any idea from an examination as to 
the extent or value of the ore. 

The last named is located on Sec. 30, T. 22, R. 23. 
Here only shallow prospecting has been attempted. 
Some samples from a narrow seam of quartz bedded con- 
formably with the country rock panned quite richly , but 
the formation is apparently similar to that at Jackson's 
Gap with regard to structure, and the work is entirely 
insufficient to warrant any opinion . regarding the 
prospect ; beyond the statement that some of the quartz 
carries gold . At another point on this same property a 
shallow pit exposes a seam of ore about 18 in. or 2 feet 
in thickness. This however does not pan as richly as 
the thin streak, while the same facts exist as to work, 
etc. 

Eagle Creek Oold Mining District. 

This is the local name given to that portion of the Sil- 
ver Hill belt which lies adjacent to and in the vicinity of 
the Horseshoe Bend of the Tallapoosa River, and the New 
Yorker Shoals. The name is taken from that of a creek 
which empties into the Tallapoosa River on the south- 
east side near the New Yorker Shoals . 

This district on both sides of the river was quite ex- 
tensively worked several years ago, and a stamp mill, or 
as it was then called, a ' 'pounding mill,'' was operated 
on ore mined from near the surface ; but work was aban- 
doned when sulphurets were encountered. Since then 
the old openings have been allowed to cave in and fill 
up with debris, so that it was with difficulty I could en- 
ter thd same, and examine the ore bodies. 

These occurrences were not on the Devil's Backbone 
ridge proper, or Sheep Hill, as this portion of the ridge 
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is locally called, but on ridges having their trend nearly 
parallel with the main ridge, and located about one mile 
to the southward of it. 

Jennings', S. W. Sec, ^6, T. ^3 , K ^S E .—This property 
is the southwestern-most in this district on which 
a body of gold-bearing ore has been discovered and pros- 
pected to some extent. There appears a slight change 
in the character of the country rock ; which has the ap- 
pearance of a hydro-mica schist rather than the semi- 
crystalline ''Talladega'' slate. The ore is a somewhat 
sugary decomposed quartz, and the body I examined was 
a seam some 6 to 8 inches in thickness in apparent con- 
formity with the country rock. The openings in this 
property were all shallow prospect pits, and beyond the 
fact that it panned at about the rate of $3.00 or $4.00 a 
ton, but little could be determined as to structure or per- 
manency. 

Tapley, S. E. Sec. 26, J. 28, R. 23, JE.— This property 
adjoins the Jennings, and is apparently an extension of 
that ore body. The openings were more numerous and 
extensive . In fact in one place ore had been mined a 
depth of 50 feet, but so long ago that the timbering had 
rotted and the openings were inaccessible. Some of the 
ore remained on the old dumps. This was a whitish 
flinty quartz, highly sulphuretted, and quite undesirable 
for treatment by amalgamation. Several tons of 
ore from this property had been treated in the mill al- 
ready referred to, but no reliable information could be 
obtained as to the results. 

Where I was able to see this ore body I found it 
showed about the same thickness as on the Jennings 
property, with its line of strike N. E. and S. W. and 
dipping at an angle of about 45 deg. slightly E. of S. 
There are also several thin stringers of a bluish colored, 
hard sulphuretted quartz on these properties ; all of 
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which show gold by panning, so far as I was able to test 
them, ♦ 

Hamrtwck, S. W. Sec. H, T. 23, R 23, jE.— This prop- 
erty was mined on about 12 years since, and the mill 
* above referred to was then in operation on a branch 
which flows through the property. Nothing now re- 
mains to mark the spot where the mill stood except some 
rotten timbers^ and an old ore dump. It is claimed that 
some of the ore from this property milled $30.00 a ton 
in free gold, but a sample I took from the dump, assayed 
only $5.70 a ton in gold. The ore i-esembles the Tapley ; 
being a highly sulphuretted hard quartz. The sample I 
took was, as near as I could judge, without systpmatic 
sampling, a fair average of a few tons which still re- 
mained on the dump. Milling and mining were sus- 
pended, it is claimed, because the ore was too highly 
sulphuretted to work profitably by ordinary amalgama- 
tion. No information whatever could be gathered from 
the old openings. 

Greer, S. E. Sec. ^4, T. 23, R. 23. E.—Fvom the Ham- 
mock property I traced the same lead of quartz by the 
outcrop, to the Greer, which extends to the Mule-shoe 
Bend of the Tallapoosa River, situated partially in the 
eastern portion of this same section. The ore here has the 
same general characteristicd as in all the openings, as well 
as iiv the outcroppings, through this district, and appa- 
rently is of about the same relative value. From the best 
information I could obtain, ore from all these properties 
in this district on this side of the river was milled in the 
Hammock mill some 12 years since ; but no work has 
been done recently, except that some of the shallow pits 
were partially cleaned out to enable me to see the ore 
body, which has the structure of a bedded vein, in the 
hydro-mica schisfc country rock, conformably with the 
general formation and having its line of strike N. E . and 
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S. W., and dipping at an angle of about 45 deg. towards 
S. E. 

Crossing the river at the GriflSn ferry in Sec. 24, T. 23, 
R. 23 E., I continued my work of tracing this gold lead 
or belt by actually following along the line of strike of 
the formation towards the Georgia- Alabama State line. 

In this 1 found some diflSculty, because except in the 
vicinity of the river, the outcrop had lost some of the 
bold and prominent features it possessed towards the S. 
W. As nearly as I could trace it by the country rock^ 
which along the south-eastern border of the belt still 
maintained those characteristics which led me to classify 
it as a hydro-mica schist, but towards the north-western 
border preserved the appearance typical of the ** Talla- 
dega'' semi-crystalline slate, I found that the belt con- 
tinued along the summit and sides of a well defined 
ridge. Though not as prominent a land-mark as the 
Devil's Back-bone to the south-west, yet it was suffi- 
ciently persistent to be ^considered an extension of that 
ridge . 

Johnson, W. half of S. W. Sec. 17, T. 23, R.^. 
There are several old workings in this viainity, consist- 
ing of tunnels and shallow incline shafts which were 
made in 1840 to 1845; when, judging from the old dumps 
and the extent of the workings, quite extensive mining 
operations wfere carried on. 

This Johnson property is located in the forks of the 
river and Sweet Water creek on the north, or rather 
north-west, side of the river. The outcrop of quartz, 
much of which prospects, is quite bold and prominent, 
continuing along the line of strike N. E. and S. W. with 
hardly a break, to the river, a distance of about a mile 
and a half. 

The character of this quartz is sandy, sugary, very 
much stained with iron oxide, partially decomposed and 
porous. 
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A sample selected at haphazard, analyzed by Dr. J. H. 
Pratt of Birmingham, Ala., yielded $3.43 a ton in gold. 
In panning several samples I noticed that the results 
averaged very evenly, more so than almost any other 
quartz outcrop I have tested in this State. These were 
all taken at haphazard from the outcrop, and were not 
sampled systematically by quartering as should be done ; 
but I lacked both time and facilities for doing such 
work. 

As is the case on the opposite side of the river, some 
work was done here ten or twelve years since, and. ore , 
milled. At the present time, though the openings are in 
such a condition that it is impossible to estimate the 
character or extent of the ore body, except from the out- 
crop, which, while it has a general line of strike and dip, 
has but little regularity in structure. 

The gold contained in this ore is very fine, but appears 
to be free-milling at and near the surface, though un- 
doubtedly sulphurets will be present at depth. To the 
south-west on the 

Griffin property J Sec. 19, T, ^3, R, 9^ E.y the same lead 
of quartz, apparently , can ' be traced across that tract 
from which it enters the river. No work of any descrip- 
tion had been performed here at the time of my visit, 
nor indeed could I learn of any other mining work, hav- 
ing been carried on along the line of strike of this Silver 
Hill belt to the north-east in this State. 

My attention was attracted to the different appearance 
and nature of the quartz occurring in the several leads 
on the two sides of the river, in the Devil's Back-bone 
proper, as well as in the parallel ridges, a mile or more 
to the south-east, where most of the mining has been 
done. While the gold-bearing ore on the northern side 
of the Tallapoosa, so far as I observed (and I saw, and 
tested samples by panning, from all the ^nown bodies 
whigh outcrop, or have been mined), is of a sugary, 
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sandy character, somewhat decomposed and porous, and 
, plentifully stained with iron oxide ; that on the southern 
side, especially in the southeastern-most bodies, is of a 
hard, glossy and flinty nature, carrying a large per cent- 
age of sulphurets, and some magnetic iron. 

North-East of Eagle Creek District. 

To the north-east along the line of strike of the 
country rock, I traced this belt across Galloway 
creek about 2 miles south of Daviston, where I 
found apparently the same ledge of slate as at 
the New Yorker Shoals with quartz interpolated 
between the strata. Thence to Hardnett's Mill creek, 
two and a half miles further to the north-east, where the 
same ledjge crosses the creek a short distance north of 
the mill. Thence to the Mountain Spring church on the 
Chambers county line, Sec. 19, T. 24 N., R. 25 E. 

A short distance from this church, to the north-east, 
in the same section, and along the crest of a high ridge, 
from which the church derives its name, the outcrop of 
quartz again assumes the bold outlines it possessed 
along the Devil's Backbone in the vicinity of Blue Hill, 
and rises several feet above the surface in immense slabs 
and boulders. Some of this quartz is in place, but no 
enclosing walls of country rock are exposed, except in 
such a rotten state as to render its classification quite 
difficult. Near by, though where less decomposition and 
erosion have taken place, the country rock, are the same 
semi-crystalline slate and hydro-mica schist, which char- 
acterize the entire belt. The dip of this quartz in places 
is almost vertical, and the strike conforms with the gen- 
eral line N. 40^ E. This quartz is of the same , 
sandy, friable character as in the outcrop along the 
Devil's Back-l^one proper, but samples I took failed to 
show any colors of gold in the pan, although the pres- . 
ence of black sand with some sulphurets indicated that 
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there might be gold bearing chutes or chimneys in the 
body. I followed this outcrop along the ridge and to- 
wards the Tallapoosa river, which it crosses at the mouth 
of Laney creek, about one mile below Denny's Ferry, 
and five miles due east from Daviston. I could find no 
openings on this outcrop along the ridge, or in this semi^ 
crystalline formation in this vicinity, to indicate that any 
prospecting had been done, nor could I learn of any work 
which resulted profitably having b,een performed on this 
Silver Hill belt north-east of the river at any point be- 
tween it and the Alabama-Georgia Line. 

The belt of semi-crystalline slate and hydro-mica schist 
maintains its continuity, with many seams of quartz in- 
terstratified, as I demonstrated by crossing the formation 
at various points along its line (Jf strike. The course is 
north-easterly from Denny's Ferry across the north- 
western corner of Chambers county ; thence into Ran- 
dolph south-east of Louina, crossing the county, passing; 
near Handley P.O., thence to the State line. 

Near Rock Mills, Randolph County^ about five miles in- 
a direction slightly north of east from Roanoke, and in 
Sec. 27, T. 21, R. 13 E., it is reported that while the In-^ 
dians resided in that vicinity, as well as more recently, 
placer gold has been found in the bed of Wehadkee 
creek, but no signs of any extensive work can be found. 

So far as I could ascertain the occurrence of gold in 
thds section is based entirely on legend and tradition ; 
many stories of the Indians bringing gold dust to the 
traders in small quantities are related by earjy settlers, 
but no one appears to place suflicient faith in such ac- 
counts to feel warranted in expending money for pros- 
pecting during recent years. 

So far as I could discover from my own tests, as well 
as the best information I could obtain on the subject, I 
feel warranted in stating that no gold in paying quant- 
2 
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ities occurs in Alabama south-east of the Silver Hill belt ; 
although the crystalline schists, hornblende and gneiss 
formations continue in a south-easterly direction some 
40 miles, or to the latitude of Columbus, Ga. 

OCCURRENCES OP MICA, CORUNDUM, SOAPSTONB AND 

ASBESTOS. 

Immediately south-east of the Silver Hill belt, and 
paralleling the same, we find first strata of graphitic 
slate, which I noticed at one point on the Germany 
Ferry road between Daviston and Dadeville on the north- 
west side of the Tallapoosa river, to be at least 40 feet in 
width where the public road cross cuts the slates. Next 
in the series of mineral belts paralleling the Silver Hill , 
are veins of coarse grainfed granite, from whiph mica in 
crystals sufficiently large to possess a commercial value, 
has been mined . I found the best points to study these 
parallel belts was in the vicinity of Dadeville and Butt- 
ston, also near Easton P. 0. about 7 miles northerly from 
Dadeville. 

From my observations in this neighborhood, I found 
that the mica belt just referred to, was followed by a 
belt of soapstone.* Associated with which were corun- 
dum and asbestos. In its turn the soapstone was fol- 
lowed by another belt or series of veins of coarse grained 
gneiss, and mica schist which indicated the ' occurrence 
of mica of commercial value . 

This last occurrence of mica together with the soap- 
stone and other minerals are what is locally 
known as the mica, corundum and asbestos belts ;. which 
parallel the strata of graphitic slate, in their turn paral- 
leling the Silver Hill gold belt on the south-east border. 

I have observed in Carroll county, Ga., apparently the 
same series of mineral bearing formations ; which cross 

*The soapstone, and other minerals here mentioned, are associated 
witli masses of basic igneous rocks (pyronene and chrysolite) and 
some of them — soapstone chlorite and aje the products of the altera- 
tion of these by weathering. E. A. S. 
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that county in a north-easterly course. Although the 
outcrops are not continuous above the surface, yet 
I am of opinion from the general character of the 
formations that these belts are south-western exten- 
sions of those in Georgia. Especially, as I am reliably 
informed since the same occur in Heard county, Ga. 

So far as I could ascertain the only wprk of any extent 
that had been performed in search for 

Mica in this neighborhood, or indeed any where on this 
belt, was on the Holly plantation about 2 miles east of 
Easton P. 0. Here a pit some 15 feet deep had been re- 
cently sunk and merchantable mica mined and shipped 
to St. Louis. But at the time of my visit (Nov., 1893,) 
the work was suspended, and from the manner in which 
it had been done, it was impossible for me to form any 
idea of the permanency of the deposit. 

Immediately north of this belt bearing mica, extends 
what is locally known as the 

Corundum and Soapstone belts where about 12 years 
since Dr. Lucas, a resident of North Carolina, who had 
purchased a tract of land on the Tallapoosa river, in- 
cluding a portion of the New Yorker shoals, with the 
avowed intention of utilizing the water power for manu- 
facturing purposes, gave the industry of corundum min- 
ing quite an impetus by purchasing the product of this 
belt. He paid from $50.00 to $60.00 a ton, but was 
driven from the market by another deale?, who for a time 
paid a higher price, but ultimately failed. Since then 
the industry has been entirely abandoned in this section 
of the State. . I visited some old openings that were made 
at that time on the Hanby plantation, adjoining the 
property, on which is located Easton P. 0. on the east ; 
also at the Bartlett plantation 2 miles north of Dadley- 
Tille, and the Holly plantation 2 miles north of Hanby 's. 

At the last named, soapstone only had been found, and. 
mined to a limited extent ; some of the blocks which ha^ 
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been sawed out at the time active mining operations 
were being carried on, still remain on the ground. 

Whether sufficient corundum can be found in the beds 
on this belt, to be of commercial importance in the future, 
is impossit)le to estimate. The old openings are partially 
filled up with debris, and apparently were sunk until a 
hard variety of soapstone was encountered and then 
abandoned. 

I find this corundum and soapstone belt extends as 
far to the south-west as the vicinity of Dadeville, and to 
the north-east in the neighborhood of Milltown, but as 
to the exact extent longitudinally, I have not determined.* 
In width it is of inconsiderable extent so far as at pres- 
ent known ; not exceeding 2 miles, so far as I can learn, 
at any point. 

There apparently occur two series of beds with parallel 
lines of strike ; both of which' cross the Hanby planta- 
tion, before referred to ; but I can find no trace of the 
occurrence of any corundum or soapstone north of the 
Bartlett plantation and south of the Silver Hill gold belt. 
This last named property is in a line north-east from tha 
Hanby, and distant about 5 miles. 

On the Germany Ferry road to Dadeville the most 
northern indications of corundum and soapstone occur at 
the crossing of Soapstone Creek 2 miles south of the^ 
ferry. At this point immense outcroppings and a ledge 
of chrysolite rock show in the wagon road, which appa- 
rently has close tonnection with the soapstone corundum 
beds ; for the same rock is again found on the Griffin 
Ferry and Dadeville road near an old church, in the 
northern portion of T. 22, R. 24 E., as well as at other 
places along the line of strike. 

♦Another somewhat similar belt is on the N. W. side of the Devil's 
Backbone ridge, showing near Foshee's Mill (Fosheeton) and far to 
the flouthwestward at Robert Goodman's, south of Alexander City, 
At Goodman's a considerable quantity of corundum has been ob- 
served. E. A. S. 
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I also found some samples of 

Asbestos closely associated with the corundum and 
soapstone, at the Bartlett plantation, but of a very poor 
quality; as good, however, as that found in Carroll 
county, Ga., which at a depth of 12 feet was not of suffi- 
ciently good grade to command any commercial value. 

Whether the grade will improve as depth is attained 
in the workings I am unable to state ; but so far as I 
could learn from personal observation or information, no 
work has been done on the Alabama side to determine 
this. 

One and a half miles north of the Bartlett plantation 
the Tallapoosa River flows, and between these points 
some mica has been found, along that northerly belt I 
have referred to already, as paralleling the graphitic 
slate, but of inconsiderable quantity, so far as at present 
developed. 

The country rock associated with the corundum and 
asbestos is a talcoid-schist ; with boulders of soapstone, 
and a green colored rock probably chrysolite, there are 
also specimens of actinolite and tourmaline plentifully 
found with the float and surface rocks. A ledge of dark 
green hornblendic rock is also a noticeable feature in the 
geological formation, which I have failed to find elsewhere 
in this crystalline region, except along the line of strike 
of these particular belts. The largest outcrop of this is 
near Dudkyville^ where the wagon road cross cuts it 
angling. * This is on the road between Dudley ville and 
Buttston . 

The mica-schist and gneiss formations are continuous 
paralleling the Silver Hill belt on the S. E. to the Ala- 
bama-Georgia boundary line, crossing Randolph county 
through Roanoke, thence by Rock Mills to the line, into 
Heard County, Ga. 



* See foot note to page 18. E. A. S. 
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GOLDVILLE AND HOG MOUNTAIN BELT. 

In my report I have retained the same name for thef 
upper portion of this belt, which occurs to the north- 
West of and paralleling the Silver Hill, as that used by 
Dr. Phillips in his report on the Lower Gold Belt. My 
examination of this began in Clay county ; because in 
the f eport of Dr. Phillips above mentioned, the south- 
western portion of this belt has been fully, and very ably 
described, 

TOPOGRAPHICAL AND GEOLOGICAL FEATURES. 

Before taking up the description of the gold leads on 
this belt, I will occupy a little space in briefly describing 
the geological formation of the fully crystalline region 
which intervenes between the Silver Hill belt of semi- 
crystalline slate and hydro-mica schist, ancJ this Gold- 
ville belt, which is formed by the Talladega and other 
semi-crystalline slates ; with boundaries of gniess and 
flat rocks, usually called granite, both along the south- 
east and north-west borders. 

The average distance intervening between these belts 
is about 6 miles, which can be definitely traced on the 
map, by drawing a line with a N. E. S. W course 
intersecting Daviston on the north-western boundary of 
the Silver Hill belt and New Site on the south-eastern 
boundary of the Goldville belt. In Randolph county 
the semi-crystalline slates are greater in width than in 
Clay or Tallapoosa counties, and have intruded on the 
fully crystalline, or vice-versa j for it is not yet decided 
which formation is the older. This intrusion* is 

*See Part II of this Report, where reasons are given for thinking^ 
that the structure of these crystalline rocks is not stratification ^ but a 
secondary character (schistosity) produced by dynamic metamorphism 
of originally massive igneous rocks. E, A. S. 
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really interstratification ; because the series of the for- 
mation follow each other conformably. But alteration 
appears to have taken place along the line of the strike ; 
so that in traveling across the formation from Louina to 
Almond P. 0. a series of strata of semi-crystalline slate 
occur, which are not seen south of the Clay county 
line. While in traveling from Roanoke to Wedowee 
these fully crystalline schists and gneiss appear to be 
narrowing down, and about 1 mile east of Wedowee dis- 
appear entirely, with the exception of about 100 acres 
of gneiss and flat rock occurring about 2 miles north .east 
of Wedowee, portions of Sec. 23 and 24, T. 19, R. 11 E. 
Immediately paralleling the Silver Hill belt on the north- 
west in the vicinity ' of the Eagle Creek Mining District 
I found massive boulders and beds of gneiss, which 
maintain their continuity longitudinally to the Ala- 
bama-Georgia State line. On the line of strike towards 
the north-east this }>edded gneiss assumes the struct- 
ure of 

Flat Rocks in many places pn both borders, and is usu- 
ally designated as granite, and often as dikes. ♦ But al- 
though these flat rocks in some places cover several acres, 
as at Alipond P. 0., (at that place the flat rocks cover 
nearly or quite 200 acres, being 2 miles in length N. E. 
and S. W. and f mile wide,) I find the lines of strati- 
graphy* quite well defined, showing conformity in the 
bedding with the serai-crystalline slates on both S. E. 
and N. W. The same state of facts I find on close ob- 
servation prevails wherever these flat rocks occur, con- 
sequently instead of treating them, and writing of them 
as granites, I shall refer to them always as gneiss. As 
these occurrences are possessed of a commercial value, 
I have taten pains to locate the most* prominent in this 
portion of the State as follows : 

Almond, -S. E. of Sec. 29, S. W. Sec. 28, T. 21, R.IO E. 

*See preceding foot-note. E. A. S. 
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Almond, Sec. 5, T. 22 S, R. 10 E. 

Motley Mill, Sec. 4, T. 24 N. R. 24 E. 

Handley, Sec. 22, T. 20 S., R. 12 E. 

Forester ^s Chapel, Sec. 29, T. 21, R. 11 E. 

Portions of Sees. 28 and 27, T. 21, R. 10 E. 

Rock Mills, Sec. 27, T. 21, R. 13 E. 

The foregoing all occur on the north-western border of 
the Silver Hill belt, except the exposures at Rock Mills, 
which is in the crystalline region south-east of this 
belt. 

The exposures along the line of strike of the gneiss 
forming the north-western boundary of the Goldville belt, 
are. as follows : * 

Knight's Mill, Sec. 35, T. 20, R. 9 E. 

Carwile, S. E i. Sec. 34, T. 20, R. 9 E. 

Wm. Orr, N. W i. Sec. 35, T. 20, R. 9 E. 

Dawkins, Sec. 8, T. 21, R. 9 E. 

Grizzle, N. W i. Sec. 24, T. 20, R. 9 E. 

Blake, N i S. E i. Sec. 18, T. 20, R. 10 E. 

Blake, Si, N. E i. Sec. 18, T. 20, R. 10 E. 

Devon, S. W i. Sec. 18, T. 20, R. 10 E. * 

Moore and Duke, portions of Sec. 23 and 24, T. 19, 
R. 11. 

The only place where any quarrying is at present be- 
ing carried on is on the last named exposure, which is 
two and three- fourths miles north of Wedowee. Here a 
firm of bridge builders, the Alaba-ma Bridge Company, 
are quarrying the rock for piers and abutments for a new 
bridge across the Little Tallapoosa river on the wagon 
road to Hefiin. About 500 tons will be quarried for this 
purpose, and the rock is pronounced as of a very superior 
quality. An ample supply, I was informed by the con- 
liractors, will be obtained without the necessity of 
quarrying to any considerable depth ; in fact, at present, 
only the rocks which have become split by weathering 
have been used. 
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I can not learn of this rock having been quarried and 
used for building purposes within the boundaries of the 
Upper Gold Belt, but such has been done at Rockford 
and Goodwater in Coosa county with very satisfactory 
results. The rock from that vicinity has the same char- 
acteristics as that found in Randolph county, where such 
rock has hitherto only been utilized for gravestones, mill 
stones and chimneys. 

These belts of gneiss are followed on the south-eastern 
border of the Goldville belt by the semi-crystalline Talla- 
dega slate. The general dip of this entire Upper Gold 
belt section of the crystalline region inclines towards the 
east and south-east. The structure is, I notice, generally 
conformable at the lines of demarcation between the 
gneiss, and either the slates or schists ; and I failed to 
observe at any point any special change in the dip, or 
any appearance of greater deformation than is usually 
seen in this section of the Appalachian system. The dip 
generally throughout the Goldville belt is more nearly 
vertical than in some other sections, but the changes in 
the dip at these lines of demarcation I have referred 
to, do not appear extraordinary, as would be the case if 
the gneiss strata were granite dikes, though such condi- 
tions even might be produced by shearing, which from 
Dr. Becker's report published recently is that authority's 
opinion. A study of the formations bordering this Gold- 
ville belt in the south-western direction demonstrates 
that these gneiss belts are continuous, and persistently 
maintain their places in the series in the Lower Gold 
belt. So that by actually following along the line of 
strike on either border of this gold belt I am of opinion 
that the gneiss will maintain its continuity longitudinally 
equally as persistently as do the mica schists, horn- 
blendes or slates. 

DETAILS OF GOLD OCCUBRENCES. 

I really took up my work of examination of the Upper 
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Gold belt near Almond P. 0., in the south-western corner 
of Randolph county, where I made every effort in my 
power to connect, or discover a north-eastern extension, 
of the gold bearing lead, which is described by Dr. Phil- 
lips as maintaining its line of strike so persistently from 
Hillabee creek to the northern line of Tallapoosa county. 
But I could find no occurrence of gold-bearing ore, so far 
as at present known, on this belt, south-east of Malone's 
ferry, Sec. 11, T. 21, R. 10 E. On the 

Browning property ^ Sec, 8, T. 21, R. 10 E., about two 
miles north-west of the ferry, I found the first occurence 
that had been prospected. This is the southernmost ore 
body in this formation on which any prospepting had 
been done on the Upper Gold belt. The shallow pros« 
pect pits exposed a low grade of gold-bearing ore, but 
the work, at present, is insufficient to determine the 
value of the occurrence, or any facts relative to per- 
manency, or extent of the ore body. 

From this point I proceeded to the old Bradford settle- 
ment, now known as the 

Goldberg Mining District, * 
on Crooked creek, on the west side of the Tallapoosa 
river. This has heretofore generally been considered to 
be a north-eastern extension of the gold-bearing lead 
from Hilabee creek to Goldville in the Lower Gold belt. 
In being located in the same strip of semi-crystalline 
Talladega slate, it may be considered so still. But while 
lying in the same country rock, I fouud that the Gold- 
ville * lead proper occupies a position on the south-eastern 
edge of the gold-bearing formation, while the Goldberg 
lead occupies a position near the north-western edge of 
the same formation. If there should ever be established 
any connection along the line of strike of the ore bodies 
in this belt, I am of opinion that the Goldberg will be 
found to be continuous with Hog Mountain lead, which 

* In designating these series of occurances of gold bearing ore as 
leads, I do not use the term with exactly the same meaning as is 
given to such generally in the western mining districts, but rather 
with the meaning as defined by Webster "a guide.'' — W. M. B. 
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• 

alsd occupies the same relative geographical position in 
the belt. But from examination I doubt if any of these 
leads of gold-bearing ore continue unbroken along the 
line of strike for any great distance. 

I should, from the indications, think that the Brown- 
ing prospect might be considered an extension of the 
Goldville proper. To substantiate my conclusions in 
this respect I find that about 4 miles north of Flat Rock 
(Almond P. O.) several strong seams of quartz have 
been cut in working the wagon road known as the Wes- 
obulga and Flat Rock road, but such are barren at this 
point. These veins or seams apparently persist through 
a prominent ridge, which is situated geographically to 
the north-east of the Birdsong pits near Goldville P. O., 
and in the same semi-crystalline slate formation, having 
the line of strike corresponding with that of the strata 
in the Lower Gold belt. The discoveries in the Goldberg 
district are four miles north of the general line of strike 
of the Goldville lead proper. 

The point where the south-westernmost discovery of 
gold-bearing ore, on this belt in the Upper Gold region," 
was made is on* the 

Dmvkin's property, S.E,i Sec, 2, T,21,R,9 E, The 
work comprises some openings made prior to 1860, from 
which I obtained some ore ; a slightly decomposed quartz. 
By panning I failed to get. colors; although the showing 
of sulphurets was good, and there was some indication 
that a fire assay would probably show a satisfactory 
yield in gold. 

Within the recollection of some of the oldest settlers a 
''pounding mill," as it was designated, was operated 
near the location of these old openings ; and the ore 
mined from them, was. there treated by amalgamation. 

My attention was next directed to some recently dug 
openings or shallow prospect holes, on the crest of a 
ridge, on this same property. The surface of this ridge 
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is plentifully covered with quartz float, and ledges of 
quartz outcroppings, several in number, with their lines 
of strike parallel, and having a trend nearly north. 
These holes I found to be too shallow to enable 
me to determine the structure of the occurrences; whether 
they should be classed as bedded veins or as belonging 
to a stratified deposit. 

The ore when panned yielded fair prospects in free 
gold. It is so far as exposed, of the character and ap- 
pearance of a feldspathic quartzite, somewhat decom- 
posed, and stained with oxide of iron. The feldspar was 
decomposed, and kaolin appeared as the secondary pro- 
duct. 

The outcrops of some of these strata can b^ traced to, 
or rather appear again above the surface on the crest of 
another ridge, about 400 feet distant in a southerly direc- 
tion. Judging from the strike these may prove to be 
extensions of those exposed in the old openings on this 
property. But such can not be determined because no 
.work has been done to establish or demonstrate such 
continuity to be a fact, and the outcrops can not be traced 
above the surface except on the crests of the hills. The 
location of this plantation is near the forks, and com- 
prises the land enclosed by White Oak and Wesobulga 
creeks, near, and for some half a mile above, their con- 
fluence in Clay county. 

Knight's Mill, S. i S. E. i Sec. 35, T. 20, R. 9 E.—kt 
this point is a clearly defined line of demarcation in the 
formation, between the Talladega slate and bed of gneiss, 
having somewhat of a porphyritic character. This 
gneiss extends to the southward half a mile or so, but 
its structure conforms, both on the north-western and 
south-eastern edges, with that of the semi-crystalline 
slate country rock . 

Narrow quartz veins are found imbedded in the gneiss, 
some of which prospect colors by panning. But such 
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are too thin, to ever offer any inducement for prospecting, 
being only from a half inch to four inches thick at the 
outcrop. 

W,D, MitcheW 8 property, S. 1, T.91, R. 9 jE.— Follow- 
ing White Oak creek down to its confluence with Weso-^ 
bulga creek on to this property, I found an occurrence 
of gold-bearing ore a short distance below the junction 
of the two creeks ; in a field adjoining the Heflin and 
Louina dirt road on the south. Shallow prospect holes 
had been sunk on a ridge where a vein or seam of hard 
quartz, stained with iron oxides, had been exposed bedded 
between the strata of slate. The strike of this was 
slightly east of north, with its dip towards the S. E. . at 
an angle of 35 deg. The ore panned satisfactory results 
in free gold ; but pan tests on all the ore sin this belt., I 
found, after testing, to fail to give as* good results as 
could be obtained by roasting and pan amalgama- 
tion. 

I am unable to give the exact yield of any of the ores, 
except of a few samples assayed by Dr. J. H. Pratt for 
the survey ; because in the field I lacked facilities for as- 
saying the same. In ' making tests I am under obliga- 
tions to Mr. George Camp, a veteran prospector from the 
West, for valuable assistance, while in this district. By 
the aid of a blacksmith forge, a frying pan, mercury and 
porcelain bowl we amalgamated samples with an exact- 
ness hardly fo be expected with such crude appliances. 
As we had no balances we could not determine the values 
of the ores except approximately, and as such estimates 
are liable to prove faulty, I have refrained from quoting 
figures. However in cases when I state that a test 
proved satisfactory, I am satisfied thalb $5.00 a ton is a 
conservative estimate. 

It was on this same property, and in close proximity to 
the last occurrence mentioned, that I saw work done on 
another quartz seam. This exposed such a rich kidney or 
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pocket, as is rarely encountered. The seam of quartz 
outcropped on the same ridge, as the. first I have men. 
tioned, on this Mitchell property, but distant about 100 
yards in a south-easterly direction. The dirt road before 
mentioned cross cut the quartz seam, and on the north- 
ern side of the road the cut was about 8 feet deep. 

I had previously been told of a very rich pocket of ore 
having been discovered on this same body several years 
before. The discovery though had not been followed by 
any systematic work ; and the hole that was sunk at that 
time it was claimed had been filled in by the road 
workers. 

The story appeared to me to possess many of the ear- 
marks of an Arabian Nights romance ; but Bob Bradford 
a local prospector'insisted that he believed lie could, by 
following the dip of the vein, which is about 35 degrees 
towards the south-east, discover another pocket. My 
curiosity prompted me to witness his work. 

After sinking about 4 feet below the surface of the 
wagon road, he was as good as his word, and took from 
a pocket or kidney in the quartz vein about 75 pounds 
of ore. This had all the characteristics of arseno-pyrite 
or mispickel, and when roasted showed that such was 
the nature of it. During the roast the arsenic and sul- 
phur were suSiciently eliminated to set free the gold, 
when by stiff pan amalgamation li pounds of the ore 
yielded a button of gold of the value of 17 cents, or nearly 
$300 a ton. Future work at the same place failed to 
show any more such pockets, but such work only attained 
an increased depth of about 6 feet. The thickness of the 
quartz vein at thB depth attained was 12 inches. It is 
apparently interleaved between the slates. The float as 
well as some outcroppings would indicate that it may 
persist along the stl'ike of the formation parallel with 
the seam of quartz I first examined on this same prop- 
erty, and have already referred to. The dip of both 
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these quartz geams is in the direction of the gneiss rock 
I found interstratified with the slates, and which shows 
in a mass above the surface, 30 feet to the south-east of 
the prospect hole in which the pocket was discovered. 

On the north-eastern extension of this ridge and about 
200 feet from the road another prospect hole had been 
sunk which exposed still another vein of gold-bearing 
quartz, with its strike parallel to the two first mentioned, 
and dipping conformably with the formation, and also 
with the dips of the other quartz bodies. The structure 
of these ore bodies as well as their permanency and ex- 
tent, can only be determined after more work has been 
done. 

My own opinion is that they will continue down coji- 
fOrmably with the stratigraphy or cleavage of the coun- 
try rock, and be subject to the same folding and faulting 
as that has sustained. 

The gravel in Wesobulga creek prospects well in placer 
gold, at the crossing of the Heflin and Louina dirt road. 

Farrar property N, W, iofS. W. i Sec, 36, T, W, R. 9 E. 
On this property my attention was directed to some old 
workings, consisting of a tunnel 50 feet long, and a deep 
shaft ; where mining operations had been carried on be- 
fore the war of '61 to '65. In the tunnel, which I ex- 
plored, I found some gold-bearing quartz which pros- 
pected by panning. But I was unable to determine the 
extent or character of the ore body in place, because of 
the dangerous condition of the opening. 

This was really a cross cut, having been run at right 
angles to the strike of the formations ; from the size 
and appearance of the dumps, as well as condition and 
extent of the openings, these workings must have been 
quite extensive for their date. However, I could find 
no outcrop exposing rock in place in the vicinity of any 
of these old workings, although pieces of quartz float of 
a sugary character, stained with iron oxide, and consid- 
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erably decomposed were very plentiful on the surface ; 
covering several acres. 

The only i^ecent work performed on this property 
which exposed the occurrence of gold-bearing quartz > 
was the sinking of a well in which a ledge of quartz 15 
inches thick was cut near the surface. The strike of 
this is slightly north of e^-st and south of west, with its 
dip towards the south at an angle of 25 degrees. 

The slate country rock underlying this seam of quartz 
was mineralised, and prospected by panning as also did 
the quartz from the vein. 

One of the legends of the neighborhood is to the effect, 
that in the ante-bellum days, old Mrs. Farrar used to 
pan in the branches which flow through this property. 
Ffom the gold she obtained, the story goes, she was able 
to furnish herself with all the pocket money she needed, 
besides supplying the table with coffee, sugar and other 
luxuries. 

W. D. Mitchell S. W. i of N. W. i Sec. 36, T, W, R. 9 E. 
This property adjoins the Farrar tract on the north. 
Gold-bearing ore, very highly sulphuretted, and having 
the characteristics of arsenopyrite, occurs, and a shallow 
prospect hole had been sunk, but the work was insuffi- 
cient to enable one to determine any facts as to extent,, 
permanency, or value of the prospect. The ore yielded 
satisfactory results when roasted and treated by pan 
amalgamation. 

No outcrop was exposed on the surface, so that no idea 
could be formed of the occurrence, beyond the showing 
in the shallow pit. This class of ore I usually found 
nearer to water level, but in this instance it occurred on 
the crest of a high ridge, and close to the surface. 

Dr. Manning's Property, Portions of Sees. 25 and 36, T. 
20, R. 9 E. — A portion of this property forms one of the 
old land marks, with regard to placer diggings. These 
must have been worked not less than 60 years ago, for 
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the tailing dumps are buried under two feet of soil to- 
day, and trees 10 to 12 inches through have grown 
thereon. From all appearances placer mining must have 
been carried on quite extensively here in days gone by. 
But the deposits were not entirely worked out, because 
at the present time good prospects are obtained in coarse 
gold, from nearly any of the gravel bars in the creek 
beds. However these bars are not extensive, and would 
hardly pay to work. Most of these old diggings were on 
branches which empty into Crooked Creek on this prop. 
erty, and the section adjoining it on the south. 

Gold-bearing ore bodies also occur in the quartz. 
From the appearance of these ore bodies at several open- 
ings on the crest and near the base of a steep ridge, I 
am. inclined to class such as stratified deposits rather 
than veins, because the strata of gold-bearing rock, 
and decomposed mineralised slate lie conformably with 
the general formation, are in fact a portion of that 
formation, having no well defined walls. 

The general line of strike is about N. 40 deg. E. 
but at some of the openings the folding^ 
has been so violent and extreme, that the formation has 
no general lines of strike and dip ; but both are abnor- 
mally twisted and contorted, and point in nearly every 
direction. This state of facts though is only local. At- 
one opening in particular the crest of an anticlinal 
curve is clearly defined. Several thin veins of quartz,, 
very much stained with iron, but quite hard, cut the- 
formation at right angles. These pan very ric*hly, but 
are so thin, no work has been done with a view of devel- 
oping them. 

The richest pan tests so far obtained in this district in 
free gold, I got from average samples on this property. 
Assays made by Dr. Pratt yielded from samples taken ou 
Sec. 36, $23.03 a ton and $10.42 a ton. These were se- 
lected at haphazard, and not from systematic sampling. 
3 
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The ore in the stratified deposits frojn the lower strata 
has arseno-pyrite characteristics, carrying on excess of 
sulphur and arsenic ; but near the surface it has become 
oxidised, and is of a free milling nature. 

Cockrell, N. E.i of S. E.i Sec. 25, T. 20, R, 9 JS:.— This 
property joins the Manning on three sides, the north, 
west and south ; and the waters of Crooked Creek flow 
through the north-east corner. Here the creek has been 
dammed, the water-power being utilised to run a grist 
mill and gin. 

A short distance to the north-west of the mill, occurs 
the outcrop of. a gold-bearing quartz seam, between slate 
walls, with its dip south-east on an angle of 25 deg. The 
hanging wall (where exposed in a shallow pit) is more 
vertical than the foot wall, and if such a conditition 
is continuous for any considerable distance in depth, 
the permanency of the ore body is certainly endangered. 
The openings were all quite shallow, indeed so much so, 
that nothing beyond the occurrence of the ore between 
the slates could be determined. The character of the 
ore is the same as I have before referred to as a felds- 
pathic quartzite. Usually on this belt where ore of this 
character occurs near the surface, it is replaced as depth 
is attained .by a more or less decomposed quartz and suIt 
phuretted ore, from which in some cases rich results are 
obtained, This feldspathic quartzite, which appears 
closely allied to mica-less granite, in general appearance, 
rarely gives more than colors, and often only sulphurets . 
From this last described property I crossed'C rooked Creek, 
which here forms the boundary line between Clay and 
Randolph counties ; leaving the first named and entering 
the precincts of the last. 

Goldberg Mining Company, S, TT.i, Sec. SO, T. 20 R. 10 
E.^'Yvom the Manning property in Sec. 36 I had followed 
by observation the lead of gold-bearing ore, and discovered 
that in a north-easterly direction, as you ascended the slope 
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of a ridge the float and outcrop denoted another^ body 
w an extension of the first. This ridge is continuous, 
except where the waters pf Crooked Creek have cut a 
channel through it, for some considerable distance, and 
IB locally known as the ''Bradford Ridge.*' On this, and 
another parallel ridge, the company from which .this 
district derived its name, performed prospect work in 
1893. 

The work done was of a more exter^sive nature, and 
more systematic than on most of the properties I had 
examined on this -Upper Gold belt to the south-west* 
From it I was enabled to form a more comprehensive 
idea of the structure, extent, and nature of the ore body. 
At ene point an open cut showed a thickness of pay ore 
,16 feet. At another a shaft sunk on an incline conform- 
ably to the dip of the formation, and with the dip at an 
angle of about 20 deg. towards the south-east, was in ore 
for a distance of 50 feet from the mouth. This showed 
A thickness of 6 feet of ore at the face, with ore still be- 
low the floor. 

These openings were made on the Bradford ridge, a 
short distance north-east of Crooked Creek. 

The first of these (the open cut) showed all the char- 
acteristics of a stratified deposit, composed of quartzite, 
slate and clay interleaved, and capped by a hard quartz. 
No walls enclosing this ore body could be discovered ; the 
entire thickness prospected, and some of the strata 
yielded quite rich results. The dip of this deposit con- 
formed with that of the formation in the shaft. But at 
the heading in this shaft the dip increased to an angle of 
about 45 deg. ; there water interfered with further 
progress. The ore body at this point was more solid, 
and the distinction^between pay ore, and country rock 
better defined. ^ 

j|From the increased angle of the dip together with this 
change in the ore body, I was led to believe that as 
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depth was attained the structure might change and as- 
sume the characteristics of a segregated or bedded vein. 

This theory I found sustained by the conditions at 
the Franklin mine in Cherokee county, Ga., which I vis- 
ited in 1893 ; the country rock was a mica-schist though, 
instead of slate. The solid formation at that mine 
was encountered at a depth of 115 feet. Sinking was 
continued on an incline shaft until it reached a depth of 
425 feet, on an incline of 45 degs. From the point where 
the solid formation displaced the decomposed material, 
well defined slate walls enclosed an ore body of about 16 
feet in thickness, bedded in conformity with the dip , of 
the slate, and apparently continuing down, an undeter- 
mined depth. 

Above this solid formation, I was reliably informed 
that the body was composed of such strata of quartzite 
and mineralized schist with clay as occurs on the Gold- 
berg property, the only difiference being the nature of 
the country rock and the angle of the dip. Besides the 
two openings I havementioned on the Goldberg property 
on the Bradford ridge, I found several others of greater 
or less extent, along the line of strike of the ore body. 
In all of these the same character of ore had been exposed, 
which tended to show that*the body was continuous along 
the strike, a considerable distance. The ore, as depth was 
attained in the incline shaft, carried a greater percent- 
age of sulphurets, and after roasting, prospected much 
richer than at the surface. While the average yield will 
not exceed $5.00 per ton, yet some picked samples have 
assayed as high as $100.00. 

The following assays from this property were made for 
the survey by Dr. Pratt, of Birmingham, Ala., from 
samples taken at haphazard : $5.15, $3.14, $2.56 a ton 
respectively. 

On a ridge parallel to and a short distance to the north- 
west of the Bradford ridge, and within the boundaries 
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of this same property, several shallow openings had been 
made exposing gold-bearing ore. But the work was not 
sufficiently extensive to enable me to determine any 
facts, except that from the dip of the strata of these ore 
bodies, if the continuity is maintained across the trough 
dividing the two ridges ; these last mentioned strata 
would underlie the ore body already exposed on the 
Bradford ridge. 

My attention was also directed to some thih true veins 
cross-cutting the formation, on this northerly ridge. 
These vary in thickness from 6 inches to 15 inches, and 
pan much richer than the stratified deposits. No work 
has been done on any of them to show what results 
would follow from development. The ore is a very hard 
quartzite, very much stained with iron oxide, and at the 
surface free from sulphurets. 

On the north side of Crooked Creek, the gold-bearing 
belt appears to widen out as you follow it towards the 
north-east. 

The Goldberg Company having determined to their 
satisfaction the character, and partially the extent of 
the o^'e body, talked of making preparations to perform 
permanent development work, and erect a plant for 
treating the ore. At the present time though all work by 
this company has been suspended. 

The ore is of a refractory nature and will not yield to 
treatment by ordinary amalgamation. Because while 
the percentage of free gold is large ; yet the presence of 
arsenic, sulphur, with sometimes traces of antimony and 
copper certainly place it in the refractory or rebellious 
list. 

Bradford Fraction, Sec, 30, T. 20, R. 10 E, — This prop- 
erty consists of 30 acres in the extreme S. W. corner of 
the section, and comprises a high ridge which extends to 
the north-east from Crooked Creek parallel with the 
Bradford ridge, I have before mentioned, and distant 
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about half a mile to the north-west. Here I found an. 
opening on an ore body with its line of strike nearly- 
north-east and south-west, and dipping ^almost flat to- 
wards the south-east. The ore has the same appearance 
as the feldspathic quartzite referred to as occurring in 
other locations in this district. At another location 
on lower ground, the ore is an arseno-pyrite , somewhat 
resembling gray copper, but sometimes showing free 
gold visible 'to the naked eye. 

These openings were not of sujficient extent a;t the 
tinie of my visit to enable me to form any opinion as to 
value, or extent. 

Assays by Dr. Pratt of two samples from this property 
yielded $5.15 and $3.95 a ton in gold. 

Bradford Ridge, N, W. i of S, E.i. Sec. SO, T. 20, 
R.IOE, — On the Bradford Ridge proper, of which the 
Goldberg ore body is in the south-western extension, I 
find more extensive prospecting work has been per- 
formed than elsewhere in the district. Several openings 
have been made about a quarter of a mile north-east of 
the Goldberg property. 

The first I visited is an open cut, run into the hillside 
until a breast 20 feet in thickness was attained. This is 
composed of strata of quartzite, decomposed slate and 
clay ; the whole mass apparently being gold-bearing, and 
forming a stratified ore deposit. Prof. Aughey informed 
me that from three picked samples representing this en- 
tire thickness, assays showed $17.75, $18.00 and $16.50 
a ton in gold respectively.- 

From this heading I took several samples at haphaz- 
ard, some of which assayed by Dr. Pratt, of Birming- 
ham, only yielded $7.23, $7.75, and $5.15 in gold a ton 
respectively. 

Beyond the heading of the open cut it was found ad- 
visable to tunnel, and as the work progressed the ore 
became harder and the body more concentrated. At one 
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point the strata of decomposed slate and clay disap- 
peared, leaving a solid ore body eight feet thick. At a 
distance of about 50 feet from the face of the cut, the dip 
of the ore body becomes more inclined towards vertical; 
and at the heading of tunnel, 50 fqet farther, it assumed 
an arc like shape ; the ore body apparen«tly continuing 
down with an almost vertical dip. 

Here sinking was commenced, and had progressed to 
a depth of about five feet when I last saw it. The winze 
was in ore, but water was rising and threatened to inter- 
fere with the work unless pumping was resorted to ; for 
which no provision had been made. The ore from this 
winze is highly sulphuretted and of the arseno-pyrite 
variety, carrying both arsenic and sulphur in cpmbina- 
tioD-with the gold. (The richest ore found on this ridge, 
so far as concerns free gold, is a quartzite of reddish 
color, very much decomposed and porous.) 

The open cut and tunnel do not drift on the ore body 
along the line of strike, nor exactly cross cut it ; but the 
opening has been run on an angle between the strike and 
dip, consequently it does not expose the true thickness 
of the body, and is no guide by which to estimate extent. 

Other openings to the south-east of this open cut and 
tunnel show bodies of ore overlying or overlapping the 
one exposed in that opeding, at irregular intervals, 
These are all shallow, and afford little data to base esti- 
mates on. There is one shaft which has been sunk some 
50 feet. In this, one s,tratum of ore occurs near the bot- 
tom, and work was suspended before the entire thick- 
ness was cross cut. The shaft has not been sunk deep 
enough to cross cut the downward excension of the ore 
body exposed in the main tunnel. 

The ore in all these openings bears the same general 
characteristics, becoming more sulphuretted towards 
water level. Assays yielded $5.70, $5.44, $3.99, $3.95 a 
ton in gold. A ten-stamp mill , fitted with stamps weigh- 
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ing 100 pounds each, has been run on this ore for some 
time by inexperienced operators. With what degree of 
success as to saving thp gold, I could not ascertain ; but 
from the fact that all operations have been abandoned 
since my exaniination, I am of opinion that failure re- 
sulted, as I auticipated would be the case. 

A branch which flows at the south-east base of the 
ridge on this property has been the scene of some placer 
mining operations, and the gravel in its bed at places 
sf.ill prospects . 

John Turner's Property E, i of S. E. i of Sec. SO, T, W, 
R. 10 E.,N. E. i of N. E. i Sec. SI, T. 20, R. lO'E.y 
also a fraction of S. E. i of N. E, i of Sec. SI, T. 20, 
R, 10 E. — I have described this property thus minutely be- 
cause someoccurrences of gold bearing ore are found on 
each tract. The property consists chiefly of three ridges 
with Crooked Creek flowing between two of them ; and 
the branch I have already referred to as on the Bradfoa'd 
property , forming the dividing line between the Goldberg 
and Turner properties, as it flows towards its conflu- 
ence with Crooked Creek. 

The bottoms on each side of this branch are wider be- 
tween the Goldberg and Turner properties than on the 
Bradford. Pay gravel beds extend some little distance 
on both sides of this branch ; but not sufficiently rich to 
pay for sluicing, though panning shows prospects. 
Crooked Creek is a bold stream with considerable fall to 
supply power for machinery, as it winds between the 
ridges, and would afford ample water for hydraulic min- 
ing besides, should investigation demonstrate the gravel 
bars to be of sufficient extent and value for such opera- 
tions. 

The ridge in Sec. 31 presents many features of inter- 
est. Although the summit is now about 100 feet above 
the level of the creek, yet in the far distant past, this 
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was evidently occupied by the stream when it flowed at 
a higher level, before it had cut its present channel. 
To-day the lines formed by the receding waters are ap- 
parent, and on the highest point iron garnets^ or limonite 
pseudomorphs resulting from the decomposition of 
pyrite, with the edges worn entirely xound, as large as 
45 calibre bullets can be picked up on the surface by the 
handful, as well as pebbles, and gravel also water-worn 
into rounded shape. 

The surface of this ridge prospects in places, especially 
in the gullies on the sides ; and I am informed that some 
fairly large nuggets have been found in Crooked Creek, 
near the base of this ridge. 

Some shallow prospect holes expose the occurrence of 
an ore body of gold bearing quartz ; samples from which 
showed colors in the pan. But the work has not been 
sufficient to enable me to determine the extent or struc- 
ture. 

Crossing the creek, I found some prospecting had been 
done at the south-east side and at the base of another 
ridge ; this is the ore I have referred to. as being sep- 
arated from the Goldberg property by the branch which 
empties into Crooked Creek, and forms the dividing line. 
•It is located in Sec. 30, and has its trend parallel to the 
Bradford ridge. 

The work at the base resulted in exposing some ore, 
carrying an excess of arsenical pyrite, which assays 
showed was of too low grade for profitable mining. But 
on the crest of this ridge several shallow openings ex- 
posed a body of gold-bearing quartz of a free milling 
variety, which bore many of the characteristics of the 
quartz found in the thin veins on the Bradford fraction . 
By panning I obtained good results from nearly every 
sample I had selected at haphazard. However, the pits 
were all too shallow to show more than the occurrence of 
the ore ; except but being sunk along the line of 
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strike at frequent intervals, proved that ore-body 
was apparently continuous in that direction. * 

W, D. MitchelVs property, W. i N. E. i and S. E. i 
N. E.^i Sec. 30; also N, E, i S. W. i Sec. 19, T. 20, 
R, 10 E. — This has been prospected in several open- 
ings, and three di&tinct ore bodies exposed. One known 
as the Pine Hill Mine is located on the S. E. i N. E. i 
Sec. 30. This is apparently an extension of the ore body 
on the Bradford ridge, as it possesses all or nearly all 
the characteristics of that occurrence, with the same 
trend and dip ; as well as structure of the ore body, and 
nature of the ore. 

The work done in prospecting in the early spring of 
1896 consists of one incline shaft about 80 feet deep, and 
some other pits of less depth along the line of strike ; as 
well as a drift run at right angles to the shaft 40 feet 
below the surface. 'Some samples from this prospect 
quite richly ; but a fair average showed it to be not over 
$5.00 ore. The drift has been run 100 feet and shows 
that the ore body is continuous. Cross cuts show its 
extreme thickness to be 14 feet, and its average not less 
than 6 feet, so far as exposed in the workings. 

On the tract in Sec. 19 a vein, with its strike almost 
due east and west, and dip vertical, occurs. This pos- 
sesses many of the characteristics of a true vein, but is 
only about six inches thick at the outcrop, widening 
though to twelve, within ten feet depth, and twenty-four 
at eighteen feet depth. This is as deep as it has been 
sunk on, which is hardly sufficient to determine what 
results further development will show. But sufl&cient to 
warrant its being classed as a good prospect ; especially 
as the ore is free milling, and richer in the average yield 
than any in the district. Fifty feet to the north of this 
occurs another vein possessing the same characteristics 
as the first, and eighteen inches thick where exposed. 

Adjoining this property on the north and north-west, 



GOLDVILLE AND HOG MOUNTAIN BELT. 43 

we find the extensive beds of gneiss, in which are the 
flat rocks (granite), known as the Blake's Ferry flat 
rocks, and in which no occurrences of gold-bearing ore 
have been discovered. 

TeaUe property, W. i N. TF. i; N. W. i S. W, i; S. 
E. i N.W.i; Sec. 29, T. 20, R, 10 E.— This property, 
together with some adjoining tracts located at the con- 
fluence of Crooked Creek and the Tallapoosa River, is 
locally known as ''Hunt's Quarters,''— deriving its name 
from the fact, that during the war a man named Hunt 
bought a number of negroes from the State of Missis- 
sippi and kept them here. ^A series of ridges extend 
across this property with their lines of strike N. E. 
except at a few places where folding by lateral 
pressure has bent the semi-crystalline slate formation 
from the normal line. These cases are only local, and 
the general trend in such instances has been resumed , 
a short distance, from the points where deviations occur. 
Several prospect holes have been sunk on two of the 
ridges, exposing bodies of sulphuretted ore. But such 
are not deep enough to furnish any data ; in fact, in only 
one or two has rock in place been reached. Conse- 
quently these bodies present the appearance of irregu- 
^larly formed pockets, or masses of arsenical-pyrite and 
quartz without stratification. 

It is claimed that at one opening, a deep shaft, known 
as the "Orum Pit," which was sunk several years ago, 
a vein of quartz bedded in the slate was discovered . 
This, I was informed, was enclosed between well defined 
slate walls ; but the condition of the shaft was such, at the 
timeof my first examination, that I was unable to explore 
it. Since then, in September, 1894, 1 have made a second 
examination because of learning that such a vein had 
been discovered, and opened on, to the south-west of the 
'^Orumpit" about 600 feet; which was apparently an 
extension of the ore body mined in that pit. I found 
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good reasons for this theory, in the facts, that the last 
discovery is directly on the line of strike of the forma- 
tion ; the quartz carrying gold has the same general 
characteristics as that found on the. dump at the mouth 
of the shaft; and the strata of country rock outcrop along 
the line of strike so that the continuity can be easily 
discerned. 

At the present time — September 1894 — an arastra is be- 
ing run on this ore, a portion of which prospects richly 
enough to render this slow method of treatment profita- 
ble. But great care will have to be exercised in selecting 
the ore, which should be thoroughly roasted, before treat 
ment, in order to obtain the full values. This arastra 
was shut down later during the ssLme year because the 
drag rocks were not heavy enough to pulverize the ore 
properly and work has not been resumed. 

The ore is a hard, but not a flinty, quartzite, although 
the grain is fine. At the surface it pans richly in free 
gold, but a foot or two below is heavily sulphuretted. 
These sulphurets yield very readily to fire, and the sul- 
phur is eliminated with less intense heat than is usually 
the case. 

The openings are only shallow pits, and the ore body 
shows a thickness of about two feet at a depth of some 
eight or ten feet, with the incline of the dip. This is 
at an angle of about 20 degrees towards the south-east. 

In what is known as 

Wild Cat Hollow, Sec. 29, T. 20, R. 10 E., adjoining the 
Teakle property on the north-east, I found some prospect- 
ing work being carried on in 1893. This is a quarter of 
a mile west from the mouth of Crooked Creek. A body 
of ore resembling arseno-pyrite in appearance had been 
exposed at the base of a high bluff. This will only yield 
any value after a thorough roast, when the gold can be 
separatee! by stiff pan amalgamation. It apparently 
carries 'no free gold, and is more refractory than any 
other in the district. Such may be accounted for from 
the fact that tHe ore is really from a lower level than any 
from other prospects. 
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The formation here has been subjected to such extreme 
folding that the line of strike is locally nearly north and 
south, and dip to the east almost flat. 

The face of this bluff is formed by strata of Talladega 
slate with barren quartz intercalated ; and at the point 
where work was in progress these barren quartz seams 
have, subsequent to their deposition, became auriferous. 
So little work had been done, though, that no idea could 
be formed as to what conditions would be exposed by 
future work. 

Morris property, Sec. 21, T, 20, R 10 £.— This is lo- 
cated to the north-east of the Teakle property. It con- 
sists of several ridges of semi-crystalline slate formation, 
peculiar to the gold districts, forming a bend of the Tal- 
lapoosa River, and on the west side. The river itself 
crosses the north-east quarter of this section, having a 
north-west and south-east course. 

Some shallow prospecting work has been done expos- 
ing the occurrence of gold-bearing ore . At one point a 
prospect shaft 18 feet deep, exposes a body of ore 14 feet 
in thickness, and the bottom of the shaft is still in ore. 
This however, has the same irregular structure, I have 
remarked on as occurring at other locations in this dis- 
trict. The outcrop of this formation can be traced to 
the river, about a quarter of a mile to the north-east, at 
which point are skoals formed by bold and prominent 
ledges of slate, with quartz interlaved between the strg,ta, 
but no prospecting had been done to determine whether 
or not it was gold-bearing. These ledges of slate ean be 
followed for considerable distance on the east side. — In 
fact the formation extends to the Alabama-Georgia boun- 
dary line, and beyond to an undetermined distance. 

The trend of this semi-crystalline slate formation here 
is the same as the course of the Little Tallapoosa River, 
N. E. and S. W., and it continues up that river to its 
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source in Carroll county, Ga., south-east from the Villa 
Rica mines. 

Although in years gone by prospecting for gold has 
been done on this belt around Wedowee^ the county seat 
of Randolph county, and at other localities ; yet I could 
obtain no reliable information of the discovery of any- 
body of gold-bearing ore. 

Most of the prospecting has been done along the N, 
W. edge of the belt in the vicinity of the Little Talla- 
poosa River. But I could learn of no location where the 
work had been of recent date, or of even on such a scale 
as in the Goldberg District. To the north of Omaha P, 
O. about one and a half miles, in Sec. 32, T. 19, R. 13, 
Mr. Joshua Ballard has prospected on a small scale, but 
without very encouraging results. This is on the south- 
east edge of the belt. The surface is plentifully covered, 
through that neighborhood, with limonite pseudomorphs. 
Some of tliese are quite large, and one specimen, weigh- 
ing about ten pounds, when broken open was found to 
contain besides the pyrite, a quantity of sulphur in min- 
ute crystals, almost as fine as powdered glass. 

Many stories are told, of valuable discoveries in the 
past, along the line of strike of this belt north-east of the 
Tallapoosa River below the mouth of the. Little River. 
But on investigation I could find but little reliable au- 
thority for such. No exposures of. gold-bearing ore 
bodies can be found for examination ; except on the 
property of 

Jl. S. Bradley y Sec. 30, T, 19, R, 11 E., where a ridge, 
apparently formed from a conglomerate deposit, occurs. 
This conglomerate prospects colors, and apparently car- 
ries a large per centage of limonite. The extent of this 
mass is considerable, but the samples I tested, carried 
too small a value in gold to class it as pay ore. 

There is one feature with regard to the formation of 
this belt, especially noticeable in the Goldberg District to 
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Avhich I desire to call attention. It is the great abun- 
dance of limonite pseudomorphs after pyrite, (iron 
garnets) which are found imbedded in this semi-crystal- 
line slate throughout the entire district. This is more 
noticeable though on the 

Grizzle property y Sec, 2 j^,, Township 20, Range 9 E., 
where a line of demarcation between the 
slates and gneiss occurs. The surface is literally covered 
with these ''garnets," some of which are very perfect 
specimens and quite lafge. At the time of my visit the 
lumps of slate, and slabs which are very thickly scattered 
over the surface ; especially of one 40 acre tract, were 
being picked up, and piled to render plowing and culti- 
vation easier. Nearly every piece of this slate contained 
several fine specimens of these garnets. 

A vein of hard quartz, has been prospected a depth of 
30 feet, this is bedded between decomposed slate and 
kaolin resulting from the decomposition of the feldspar 
in the gneiss. Near the surface some rich specimens, 
carrying free gold, were taken from this vein, which is 
however only 6 inches thick ; but as sinking was contin- 
ued the quartz carried much less value, indeed some of it, 
not even showing a trace of gold. At the point where 
this shaft was sunk the 'quartz appears to be interstrati- 
fied with the gneiss and slate having its dip at an angle of 
about 45 deg. towards the S. E. 

Resume on the Goldville Belt. 

I. The Goldville belt of semi-crystalline slates, from 
its extreme south-western boundary to the State line is 
nearly 90 miles in length, and of an average width of 6 
miles ; consequently its superficial era is nearly 540 
square miles. 

II. In the Upper Gold belt the prospecting has not 
been suflSciently extensive to warrant any definite deter- 
mination as to value of occurrences of gold-bearing ore. 

III. None of the openings except those on the Mitch- 
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ell property at Pine Hill, have been made in such a 
systematic manner as to enable us to figure on quantity 
of ore in sight, and probable permanency ; or even deter- 
mine definitely the structure of the ore bodies. 

IV. The gold-bearing ores found on this belt in the 
Upper field, may be universally classed among the re- 
fractory ores, although some few exceptions may be found 
to that rule. 

V. The prospects are good enough and sufficiently 
promising to warrant deeper mining in many places 
before any judgment should be pronounced. 

VI . The gold cannot be saved by amalgamation on 
plates ; neither will concentration after amalgamation 
prove perfectly satisfactory. Because the specific grav- 
ity of a percentage of fine gold found in the ore, as well 

.as of a percentage of the sulphurets is not sufficient to 
prevent running water from carrying such particles 
away with the tailings. 

VII. Direct chlorination of the ore after thorough 
roasting or possibly treatment with amalgamator and 
settler by Frazer and Chalmer's process, after roasting, 
may prove satisfactory, and result in profitable mining 
operations. 



GOLDVILLB AND HOG MOUNTAIN BELT. 



49 



Assays as returned by Dr. J. H. Pratt of Birmingham. 
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These assays were made on samples selected at hap- 
hazard, but with a view to obtain as near an average as 
po&sible, without sampling by the systematic quartering 
method ; for which no facilities were afforded the survey.. 
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MICA SCHIST GOLD BELT. 

Location and General Characteristics , 

Leaving the Goldville belt of semi-crystalline slate to 
the south-east, we cross the line of demarcation and into 
a region of gneiss and mica schist, wHich extends to- 
wards the north-west as far as the south-eastern foothills 
of the Talladega mountains. This region embraces an 
area of about 1,000 square miles, and comprises within 
its boundaries, portions of Coosa, Tallapoosa, Clay, Ran- 
dolph and Cleburne counties. 

This belt also contains two distinct leads of gold-bear- 
ing ore, so far as at present known. These may be 
designated as the Shinbone Ridge or Kemp Mountain 
lead, and the Pinetucky lead. 

As the last named occurs to the south-east of the first 
my examination was resumed on that, after finishing my 
work on the Goldville belt. 

With regard to this mica-schist formation, I found 
that it did not reach as far- as the Alabama-Georgia 
boundary line. Its north-east extremity being Sec. 24, 
T. 17, R. 12, about 2 miles west of this boundary line. 
Here it terminates somewhat in the form of the narrow 
edge of a wedge, and is interstratified with the semi- 
crystalline slates in apparent conformity. Towards the 
south-west it widens out and attains its extreme width in 
the neighborhood of Pinetucky, in the north-western 
corner of Randolph county, where it is nearly 18 miles 
wide ; extending from Rockdale, Randolph county, near 
the centre of T. 19, R. 11 .E. to Chulafinnee, Cleburne 
county. Sec. 13, T. 17, R. 9 E. 

Details of the Gold Occurrences, 

Pinetucky Gold Mine, Sec, 12, T. 18, R. 10 E,—The 
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discovery of gold-bearing ore here was one of the earliest 
in Alabama, being co-temporary with the Arbacoochee 
Placer discoveries in the ' 'forties." Some mining oper- 
ations of a very crude character were carried on here 
about the same time that Arbacoochee was a prosperous 
typical mining camp. A volume of interesting reading 
could. be written devoted exclusively to the early days of 
Pinetucky . Its changes of ownership have been numer- 
ous. Changes in the policy of the owners equally so. 
But up to the present time so far as I can ascertain from 
reliable sources, the results have invariably been partial 
or total failures. The blame rests to a very great extent 
on the shoulders of the management and owners, but 
not entirely so. Pinetucky is an example of what ought 
to be termed a rich specimen mine. The ore carrying 
gold is a narrow 'vein of hard bluish quartz, between 
equally hard mica schist walls. Both the gangue rock 
and ore are very tough and difBcult to mine. The pay 
streak will average about 10 inches at the present depth 
of the workings about 60 feet vertically from the surface. 
Consequently the expense for mining under the most 
favorable circumstances, is in excess of what it otherwise 
would be. Add to this the fact that the vein is of lenti- 
cular or kidney structure, and the pay ore is found- in 
chutes or chimneys, and the reasons for failures are quite 
intelligible, especially when the work is conducted by 
inexperienced miners, and mill men ; as it generally has 
been. This mine presents some features I have not 
found existing elsewhere in Alabama. 

The ore body, and formation have locally an abnormal 
line of strike ; being nearly N. and S. with the dip to the 
east on a very slight incline not exceeding 10 deg. or 12 
deg.* 

Along the line of strike on the surface this ore body 
<5an be traced for a distance of about li miles by the 

♦Subsequent careful observations of this ore-body, at a point very 
favorable for getting the correct dip and strike, show that the strike 
is N, 30 deg. E. and the dip is towards the S. E. W. M. B. 
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abandoned pits sunk in the past. The pits were sunk 
on the outcrop , and incline down with the dip of the ore 
body ; the free milling or oxidized ore was mined out to 
water level then the pit abandoned, and a new opening 
made at the outcrop, to be ]pained out in the same manner, 
and in its turn abandoned. On the north and south 
granite veins outcrop -vyith their lines of strike conforming 
to the general formation of the country N. E. — or 
only varying a few degrees from such a course. These 
veins carry mica in crystals of sufficient size to dress into 
sheets of commercial value. 

As the vein of gold-bearing ore varies in thickness 
from a streak not much thicker than a knife blade, to 14 
inches and sometimes exceeding that ; so does it vary in 
richness from a mere trace of gold to the ton to $150.00 
a ton. The values saved in the mill' runs, in the ten 
stamp Eraser and Chalmers Mill erected some 5 or 6 
years since, vary in much the same proportion as the 
assay values. One lessee claims to have saved $40.00 a 
ton from the ore, and $7.00 a ton from some runs on 
hanging wall rock. Another, that 100 tons of ore only 
yielded a total amount of $38.00 after costing $1,500.00 
to mine. I have seen many specimens of the ore show- 
ing free gold in great splotches, and at one time I saw 
nearly 2 tons of ore mined nearly every piece of which 
was a fine cabinet specimen. I know myself of mill 
runs having been made which yielded $40.00 to the ton 
in free gold, but were limited to less than 4 tons to the 
run prior to a clean up. 

A great deal of value has always been claimed to be 
carried by the sulphurets, with which the ore is heavily 
charged. It is impossible, however, at present to verify 
such a statement, because really no thorough system of 
concentration has ever been carried on. 

Some concentrates sent to St. Louis in 1893 yielded 
according to Prof. Potter's assay $666.00 a ton in gold; 
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while other samples taken about the same time and pre- 
sumably from the same pile only yielded $90.00 a ton, 
according to assay made by Mr. Makemson, Chemist for 
the Woodstock Iron Company, at Anniston. Some 
other samples sent to New York, a few weeks later, only 
assayed from $8.00 to $28.00 a ton, as returned by an 
assayer, for a new process for saving gold from concen- 
trates called the *' Kendall" process. Duplicates of these 
last were also sent to St. Louis, and the returns were 
approximately the same. Such results demonstrate that 
a very unsatisfactory method of concentration was prac- 
ticed, or elsethat the samples were manipulated by some 
interested parties. 

The workings in th6 mine to the east of the line of 
pits I have already referred to, consist of a vertical shaft 
55 feet deep, and a drift on that level about 200 feet in 
length . Above this the ore has been mined out from the 
outcrop down ; no attempt having been made to work 
ahead on the ore body and stope up. An incline some 
10 feet in depth has been run with the dip of. the vein 
from the bottom of this shaft, and this really represents 
the increase in depth in the workings for the past 20 
years. In taking out ore about 6 to 8 feet of the hang- 
ing wall has always been mined out, and the pay ore 
streak is consequently at the floor of the drift, and al- 
most invariably, even when mining was going on under 
water. 

This system of mining is so crude, and unskilful, that 
there is no chance to estimate on ore in sight, because 
there is none. Had sinking been continued in a shaft 
located in the mill house, about 200 feet to the east of 
the shaft I have already described, until the ore body 
was cross cut, the conditions would have been very fa- 
vorable for estimating the value of the property. This 
work would have opened up at least 200 feet of virgin 
ground, and reduced the cost of mining very appreciably ; 
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by affording a chance to stope up instead of digging 
down for the ore, besides hoisting it directly into the 
mill over head, instead of using a steer and whim to 
hoist with, and a team to haul to the mill. The. steam 
hoist being afterwards brought into requisition to place 
the ore on the rock breaker floor. 

During the summer of 1895, and since my examina- 
tion reported in the preceding pages was written, fur- 
ther prospecting work was performed at the Pinetucky 
Mine. This work was done with the aid of a diamond 
drill. The shaft in the mill house was bored to a depth 
of 205 feet without cross cutting any ore body. The 
cores from the drill showed granite at a depth of 55 feet, 
alternating with the garnetiferous mica schist country 
rock to the depth of 205 feet where work was abandoned. 

A second drill hole was bored about 70 feet to the west 
of the mill house, and on a line between that and the 
old workings. In this mica schist was passed through 
to a depth of 60 feet, when granite was encountered , and 
to a depth of 130 feet the same conditions were found to 
occur as in the mill house. At this point work was 
abandoned, and a third hole sunk to the west.' This hole 
is 80 feet east of the old working shaft. At a depth of 
47 feet after passing through mica schist, the core showed 
granite was encountered. At a depth of 47 feet a 4 inch 
stratum of feldspar was passed through, and below that 
the core was ore, of much the same character as in the 
old workings. This, I am informed, was 12 inches thick. 
Next was four feet of soft gouge material, which was 
lost from the core, because of its softness. Below this a 
garnetiferous mica schist, similar to the country rock 
occurring in the old workings, was encountered for a few 
feet, and below that granite again showed in the core. 

The Pinetuckey Company executed a lease to the Fair 
Mining and Milling Company, of Chicago, to extend 
over a period of five years. The lessees performed the 
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prospecting work with diamond drills, and after encoun- 
tering the ore body in the third hole, commenced the 
work of sinking a working shaft at that point. This 
work is being carried on with dispatch. It is purposed 
to drift both to the north and south after cross cutting 
the ore body. Stopes will then be started, and the ore 
mined out to the old workings about 80 feet above, on 
the incline of the- dip of the ore body. 

I am informed by Mr. Hugh Mclndoo, of Chicago, one 
of the lessees, that a thorough sampling of the mine in 
the old workings had been made prior to the prospecting 
with diamond drill . The assays showed an average yield 
of $38.00 per ton. Further tests showed that the ore 
was partially free milling. Some to the extent of 25 per 
cent., and others to 75 per cent. With regard to concen- 
trating, I was informed by the same authority that such 
would result in the proportion of one ton of concentrates 
being obtained from 21G tons of ore. 

No well defined extejisions have been discovered, of 
this ore body, unless a discovery in a well on Sec. 13, T. 
18, R. 10 E. should prove to be such. But no effort to 
demonstrate such a fact has been made ; although the 
well was sank early in 1893 by a negr©, who showed 
quartz resembling Pinetucky ore, which he claimed he 
took out from the bottom of the well. 

About two miles to the north of Pinetucky, the same 
country rock, underlyitijs; the granite veins, and conform- 
ing with their strike and dip, has been encountered ; but 
no gold-bearing ore discovered . 

To the south-west of Pinetucky on Sec. 13 the formation 
resumes its normal line of strike, as it also does a short 
distance N. E. of the Workings; indeed such change oc- 
curs on the north half of Sec. 12, the gold mine being in 
south half of the same section. 

So far as I am able to judge from the work performed, 
this is the most promising portion of Alabama for min- 
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ing for mica. Because in several locations to be described 
later in this report the crystals of mica are found of suffi- 
cient size and grade to warrant the assumption that 
profitable results would follow systematic and deep min- 
ing. 

In a north-easterly direction from Pinetucky we find a 
break in the mica-schist formation, where the semi-crys- 
talline slates appear in a wedge-like' shape, with the 
thin edge towards the south-west. The line of 
demarcation on the southern boundary of this semi- crys- 
talline is about 3 miles northward from Pinetuckey 
in T. 17, and the point of this wedge is in the same 
township near the Riddle's Bridge crossing of the 
Tallapoosa River in R. 10 E. being the same range 
as that on which Pinetucky is located. The northern or 
north-western boundary of this wedge of semi-crystalline 
formation, has a north-eastern course from the river to 
Sec. 17, T. 17, R. 11. Here the mica-schist again oc- 
curs ; in its turn assuming a wedge-like shape* with the 
thin edge at this north-eastern point, and widening out 
towards the south-west. At the Riddle's Bridge a junc- 
tion is formed with the main body of mica-schist which 
formation continues to the south-west in an uninter- 
rupted belt. 

These complications of the formation are shown in a 
general way on the geological map of the State, where 
distinction is made, however, merely between the 
feebly crystalline Talladega slates, and the fully crystal- 
line schists. 



I will here continue my report 'on the occurrences of 
gold-bearing ore belonging to the north-westerly belt 
of mica, and hornblende schists of the upper gold belt 
and consider those belonging to the semi-crystalline 
slates later in order to avoid complications. 
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^ Crossing the Tallapoosa River from Pinetucky, in a 
westerly direction, I found that the Shinbone Ridge, 
which is a continuation on the western - side of the river 
of that chain of ridges in which is located the Kemp 
Mountain which forms such a prominent feature of 
the landscape on the eastern side of the river, with its 
trend to the north-east towards Turkey Heaven Moun- 
tain . 

This Shinbone Ridge with its trend south-westerly, 
crosses a portion of Cleburne county and Clay county. 
It bears much the same relation to that region as the 
''Devil's Backbone" bears to the lower gold belt. The 
geology though, of these two ridges is entirely dissim- 
ilar, for while the ''Devil's Backbone" is made up al- 
most entirely of semi-crystalline slates and hydro-mica 
schists, the formation of the Shinbone Ridge belongs to 
mica and hornblendic schists. For several miles this 
chain of ridges occupies an almost parallel position to 
the Blue Jlids^e Mountains proper, and near the south- 
western extremity the trend of both the mountains and 
the chain of ridges is in a southerly direction. The oc- 
currence, of gold-bearing ore, which have been discovered 
in the belt of mica-schists, are located in what is known 
as the Idaho mining district, which embraces a large 
portion of T. 19 and 20, in R. 7 E. 

The Idaho Mining District. 

This district comprises several prospects, prominent 
among which are the Idaho, or Franklin, the Hobbs, the 
Laurel, the Chincapina, the California, and the Horn's 
Peak ; on all of which mining operations of gj-eater or 
less extent have been carried on. 

The ore bodies in this district occur in the ridges, 
which make up the chain locally designated as the Delta 
Divide, which in this locality really embraces a moun- 
tainous district covering quite an extensive area, and 
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comprising several ridges or backbones lying almost par- 
allel to each other ; the most prominent being Shinbone 
Ridge. This belt of mica and hornblendic schists in 
which the gold-bearing ore bodies occur, is bounded on 
the north-west by a belt of altered eruptive rocks, locally 
termed ''the copper lead," because iron pyrite, associa- 
ted with chalco-pyrite has been found to occur in this 
rock", and mining work was carried on some years since 
in this locality. 

The entire width of the gold bearing district which I 
refer to as ''the Idaho District" is about three miles, and 
its length so far as, at present known about the sarnie. 
On the north-western boundary is located a property 
known as the "Watts'' which, in days gone by, is cred- 
ited with having furnished a large amount of placer gold , 
and is particularly noticeable because of the vast quant- 
ities of large and well shaped garnets. So vast are the 
quantities of these that a portion of the property itself , is 
known as ' ' Garnet Hill . '' Near this is a branch or small 
stream locally known as Gold Branch, which, history says, 
produced a large quantity of placer gold in the seventies. 
Another feature of the district is that in nearly all of the 
valleys formed by the creeks and branches, there occur 
beds of gravel at various depths below the surface which 
will nearly always yield placer gold from pannings . This 
fact has been demonstrated in ^several localities in this 
district by the cutting of ditches to drain the bottom 
lands. 

The Idaho or Franklin, Sec. 3,T.W,R,7 E,—A. ten 
stamp mill was run on the ore from this mine for several 
months a few years since ; but work was abandoned be- 
cause of litigation, and the mill and mine have remained 
idle since 1889, but will be started up in the near future, 
the litigation having been decided in 1895. The mine 
itself IS on a ridge, locally known as "Gold Hill,'' 
which might be termed a foot hill of 
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the Shinbone ridge, on its north-western side. Open 
cuts made into the side hill expose an immense mass or 
deposit of quartzite and micaceous graphitic schist with 
decomposed material resembling wad interstratified, with 
the strata almost vertical: The strata are very thin usu- 
ally, and so intermixed that it is very diflScult to obtain 
samples of each material separate, so as to ascertain 
which carries the most value. The entire mass has been 
quarried, and I am informed was milled without any 
effort to separate the products of these strata. It is diffi- 
cult to form any estimate of the extent or permanency of 
the ore body, because the work of mining was carried 
on without sufficient regard to future development. Ap- 
parently the strata continue on down indefinitely, and' 
have been mined 50 feet wide. From the summit of the 
ridge to the floor of the cut at its lowest depth is prob- 
ably 50 or 60 feet ; and a shaft was sunk in the floor of 
the cut several feet. But as this was full of water I could 
not investigate the results obtained. 

A very noticeable feature about the ore body is the 
immense quantity of iron-alumina garnets in the 
gangue. In fact the occurrence of these garnets asso- 
ciated more or less closely with the gold bearing ores of 
this district, is one of its distinguishing features. Such 
garnets do not carry any values, so far as can be deter- 
mined by panning tests, but a test by fire assay might 
perhaps show the presence of some gold. 

The formation at the Idaho mine is nearly east and 
west and the line of strike is maintained for two or three 
miles westerly. There are at least two distinct ore bodies 
on this property. The most extensive being that which I 
have just described with another but smaller body known 
as the ** Little Sampson" vein; apparently entirely distinct 
from the main body, occurs on the north-west side, and 
a great change is noticeable in the character of the ore 
which carries values. For here the quartzite itself is 



60 GEOLOGICAL SURVEY OF ALABAMA. 

auriferous, and not the schist as is the case in the big or 
main ore body. 

The work which was performed at the Idaho mine in 
1888, resulted as I am reliably informed quite satisfac- 
torily. I have during the spring of 1896, had a better 
opporbunity to examine this property more closely than 
was afforded me during the summer of 1893-4, when 
most of my examinations on the upper gold belt were 
made. 

Although of course the workings have caved in to a 
great extent consequent upon their being large open cuts 
and the number of years the mine has remained idle, 
yet I was afforded such an opportunity under the guid- 
ance of Mr. Joshua Franklin, superintendent of the 
property, as allowed me to inform myself more thoroughly 
relative to the extent and promise of permanency of these 
bodies. 

. The open cuts extend for 104 yards along the line of 
strike, and show that the ore body, where these cuts 
cross it, is at least fifty feet in thickness.* From pan- 
nings on an average of the entire ore body, in one cut, 
there is certainly a valuQ of $2.00 a ton in free gold. 

This value is more closely associated with the decom- 
posed schist than with the bodies of quartzite , which 
have been exposed in the mine workings, but while this 
is the case, it is also a noticeable fact that the schist does 
not yield values except where closely associated with 
quartzite . Whether the garnets which occur as gangue 
yield any values, or not, is an open question. 

Some of the quartz bodies exposed in the main cut are 
fillers of fissure veins, cross-cutting the cleavage of the 
schists almost at right angles, and apparently maintain- 
ing continuity as greater depths would be attained. The 
dip of these is almost vertical, aud the thickness has 
increased perceptibly at the floor of the cut, from the 
thickness at the outcrop, forty feet above. Mr. Frank- 

* The accompanying pjates illustrate the formation and structure 
of this occurrence of gold bearing ore. Plate No. I illustrates all 
the open cuts made into Gold Hill ; the Stonewall cut, on the right, 
the Franklin in the centre and Nelson on the left. Plate No. II illus- 
trates the ytonewall cut, showing the breast of the ore body with 
mouth of cross cut tunnel driven on a level with the floor of the cut. 
Plate No. Ill illustrates the Franklin cut showing conditions some 
what similar to those in Plate No. II. — W. M. B. 
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lin, however, informed me that these quartz bodies carry- 
but very little value, and indeed he did not consider such 
rich enough to run through the mill when he was work- 
ing the property. 

The second ore body on this property outcrops a dis- 
tance of fifty yards north-west of the main workings. 
This is referred to earlier and designated as the ''Little 
Sampson vein,'* and has been partially prospected, but 
the work has not been sufficiently extensive to warrant 
the expression of any opinion as to the material facts. 

Judging from the line of strike of these ore bodies, a 
theory is tenable that if the" continuity of each is main- 
tained towards the other, the two bodies will intersect 
each other ; because the line of strike of the main body 
is nearly due east, while that of the ''Little Sampson" 
is several degrees notth of east. 

At the time of jny recent visit, Mr. Franklin was mak- 
ing arrangements to resume active operations at the 
mine, and has been considering the advisability of add- 
ing a Huntington mill to the present plant, which is a 
ten stamp quartz mill. By doing this he expects to ob- 
tain relief from some unsatisfactory results he expe- 
rienced before in treating the soft ore, which has such a 
clayey nature that in the stamp mill it chokes the screens 
and interferes materially with the crushing capacity, as 
well as with amalgamation, when quick silver is fed into 
the battery . 

It is highly probable that this new plant will be run- 
ning on the Idaho ore before the first of July, 1896 ; and 
the owners propose, as I am informed, to operate the 
property as a permanent investment, and with the ex- 
pectation of developing it into a dividend paying mine. 

Following this ridge to the south-west from the Frank- 
lin mine, I found its surface was thickly covered with 
pieces of quarzite, in which are embedded masses of gar- 
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nets, as well as pieces of limonite, closely resembling 
gossan. This is characteristic of the mica-schist belt, 
and proved an incentive in years gone by to encourage 
many men to prospect quite extensively for copper ore ; 
but in this section almost invariably without success. 

The Laurel, Sec. 4,, T. ^OyR. 7.— The ore body exposed 
by shallow prospect holes on this property is apparently 
an extension^of the Little Sampson. The line of strike 
though is nearly east, with the dip almost vertical, and 
the ridge on which this is located is an extension of the 
Franklin or Idaho ridge. Its continuity, though, has 
been interrupted by some smUll creeks or branches which 
have cut channels through it as they flowed towards 
Talladega Creek, into which they empty. 

The character of the ore is very similar to that found 
in the Little Sampson ; the values being found almost 
entirely confined to the quartzite, which can be more 
easily separated from the decomposed matter resembling 
wad and schists, than at the Idaho. Samples taken from 
the entire mass pan very satisfactorily; and during the 
summer of 1893 a miner named Stevens made fair wages 
sluicing the vein stone from the Laurel without first 
crushing it, — proving by that result that the gold is dis- 
seminated through all the material forming the vein 
stone of the pay streak, which is about four or five feet 
wide. 

Work on this property has been insufficient to deter- 
mine any facts, beyond showing it to be a ^ood prospect. 
Mr. Steed, the owner of the Laurel, informed me he pro- 
posed, during the present year, to prospect that ore body 
at depth, by a cross-cut tunnel, which can be easily run 
from the base of the ridge so as to intersect the ore body 
at a depth of 50 or 60 feet below its outcrop. 

A stream flowing near the base of this ridge, and hav- 
ing its source in the ridge, will furnish ample water for 
mining and milling purposes. Also for hydraulic min- 
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ing should the gravel bars along its bed prove of suflB- 
cient extent and value. ' These have been worked by 
sluicing, at irregular intervals, for some years past, and 
in spots are quite rich. 

The Chinca-Pina, Sec. S3, T, 19-, R, 7 jE.— This pros- 
pect is Ipcated on a ridge tp the north of that on which 
the Laurel and Idaho occur. The line of strike 
of the ore body is North-east with its dip towards 
die S. E. at an angle of about 30 degrees. The workings 
consist of an open cut, crossing the formation ; an incline 
pit or shallow shaft, and several shallow holes in which 
the surface soil pans very satisfactorily. These last, 
though, have not been sunk deep enough to expose rock 
in place. 

The openings have been made in such a manner that 
no reliable estimate as to value, or permanency, or ex- 
tent of the ore body can be formed. The ore is found in 
strata bedded conformably with the formation, having 
no well defined walls. The pay is disseminated through 
these strata in the same manner, as in the more vertical 
strata on the Idaho and Laurel. 

Hohbs, Sec. 3, T. 20, R. 7 £.— This ore body is located 
on a ridge extending almost parallel to but between the 
ridges on which occur the Chinca-Pina and Laurel. It 
has been exposed in several shallow pits, and is appa- 
rently a promising prospect. 

California, Sec. 15, T. 20, R. 7 E. — On this property a 
ten stamp mill was erected some years since, and rain- 
ing and milling operations conducted. But the openings 
were all caved in at the time of my visit, and I was una- 
ble to explore them . Beyond the fact that the ore found 
in the mill, and around the old dumps, yielded prospects 
by panning, nothing further can be said about the prop- 
erty. 

The Horn's Peak, Sec. 4, T. 20, R. 7 jE;.— During the 
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summers of 1893 and 1894, when I made my first exam- 
ination of this district, this ore body had been but very 
imperfectly prospected at the summit of the peak or hill 
from which the mine takes its name. But at this writ- 
ing , spring of 1896, a recent visit to this district, has 
enabled me to examine the property more thoroughly, 
because a considerable amount of work has just been 
performed and several tons of ore milled in a small five 
stamp mill located in the vicinity. 

While this peak is really a continuation of the ridge 
in which occurs the ore body in the Idaho mine ; it is 
separated from the main ridge by erosion. This ore 
body is located almost westerly from the Idaho mine and 
not quite a mile distant. 

A cross-cut tunnel has been run to intersect the ore 
body at a vertical depth of about twenty-five feet from 
the summit of the peak. This work has demonstrated 
that the ore body is some thirty feet in thickness and 
several runs of a limited quantity of average ore through 
the mill have resulted, I am informed, in a saving of 
$2.00 gold per ton, by amalgamation. The ore may be 
styled as a garnitiferous quartzite, because of the large 
quantities of iron-alumina garni ts embedded therein. 

No work to deter jdine the continuity of this ore body 
along its line of strike other than shallow prospect holes 
along the summit of the peak, has been yet performed. 
Nor has any deep work been attempted. 

From the structure of the peak it would have been very 
easy to determine the permanency and extent of this ore 
body at depth of about 200 feet, by merely running a 
cross-cut tunnel to the ore body, and drifting along the 
line of the strike. Such work would be doubly advanta- 
geous too, because it would have drained the mine as well 
as have afforded a splendid opportunity to mine the ore by 
stoping. The value of the property too, would have beea 
demonstrated beyond cavil, because it would have beea 
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an easy task to measure the quantity of ore in sight and 
make calculations on which the value of the property 
should be based. 

Kemp Mountain District. 

Eckles, Sec. ^S, T. 17, R. 10 JE.— No other discovery of 
gold-bearing ore has been made to the north-east of the 
Idaho District in the mica-schist formation on the west 
side of the Tallapoosa River, so far as I was able to as- 
certain, either by prospecting or from reliable informa- 
tion. After crossing the river towards the east I found 
prospects in many of the branches and creeks, especially 
on the Denman and Morrison plantations to the west of 
the Eckles property. But no work of any extent expos- 
ing pay ore had been done. 

The Eckles property has created quite an excitement 
from time to time since its discovery in the spring of 
1893. It was bonded during that summer for $30,000. 
The 40 acre tract of land on which it is located was pur- 
chased by an old prospector named Eckels for $125.00, 
after he had done some prospecting, the result of which 
was not generally known. The same tract had been 
offered previous to that time for a Texas pony worth 
about $40.00. 

The prospect work consists of an open cut, crossing 
the formation, with a shaft some 65 feet in depth, below 
the floor of the cross-cut, which is about 8 feet deep. 
This cross-cut is nearly 50 feet in length and exposes 
fhe ore body almost that entire distance. In structure, 
this ore body bears great similarity to those in the Idaho 
District ; being a series of thin vertical strata of quartzite 
and decomposed schists, so closely interfoliated that it is 
difficult to obtain samples to determine which strata 
carry the pay. Samples taken from nearly any portion 
of the cross cut will yield good results without crushing 
5 
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the vein stone. In sinking the shaft the strata were 
found to maintain their vertical dip to a depth of 36 feet, 
here the dip changed to an angle of about 60 deg. to- 
wards the south. 

A cross cut run at the bottom of the shaft showed the 
ore body which yielded pay, had narrowed down to 18 
feet in thickness, much of the decomposed material 
found at the surface having apparently pinched out, 
leaving the strata of quartzite more concentrated. Dur- 
ing the summer of 1894, sinking was continued on the 
shaft until a depth of nearly 100 feet had been attained > 
without any material change having occurred in the ore 
body. 

The surface has been prospected across the 40 acres 
on the line of strike of the ore body, which is slightly 
north of east, and its continuity demonstrated. 
The same results were obtained on the ex- 
treme western border of the tract, but beyond this the 
formation has been folded several degrees to the norfch , 
and although continuous, does not yield pay where some 
shallow prospecting has been done on the adjoining 
tract. 

No systematic work of treating this ore has been done, 
by which an average value from mill runs can be esti- 
mated. The graphite interferes with treatment by or- 
dinary amalgamation, and the absence of sufficient water 
prevents working the property by hydraulic process, and 
afterwards milling the quartzite tailings, as is done at 
Dahlonega, Ga., on a somewhat similar formation. 

Such a method of mining and treatment could be car- 
lied on profitably to a depth at any rate of about 40 feet ; 
feut below that the vein stone becomes very much more 
Bolid and will probably become sulphuretted near water 
level . 

Golden Eacfle, Sec, 17, T. 17, R, 11 £.— This property 
was originally known as the old Price mine, and pros- 
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pecting work consisting of two incline shafts, one about 
30 feet, the other shallower, together with about 100 
feet of tunneling was performed in 1893. This work was . 
done by some parties who held an option on the property, 
which however expired before any very satisfactory dis- 
coveries were made. Since then and during the spring 
and summer of 1894, work has been resumed by W. D. 
Vaughn of Heflin. Under his management an upraise 
Tvas made from the tunnel to the bottom of the deepest 
incline sha'ft, and a drift some 30 feet long was run on a 
level with the point in this shaft (32 feet from the sur- 
face) where work was discontinued in 1893. From the 
discoveries made by a prospector in the spring of 1894, 
the first miners had quit work on the eve of exposing 
some very rich ore. As much of this carried free gold, 
visible to the naked eye, and assayed as high as $58.00 
a ton, Mr. Vaughn took an option on the property and 
went to work at once to develop it further. Jle is also 
erecting a small stamp mill for the purpose of prospect- 
ing and sampling, that portion of the ore body which is 
free milling. Such is apparently the character of the 
ore to a depth of about 30 feet, but below that depth it 
can only be considered partially so because the ore is not 
only very highly sulphuretted, but also has the appear- 
ance which denotes that it carries a large per centage of 
arsenical py rite. The deep shaft is now about 75 feet 
in depth, s^nk on the ore body with the same incline as 
the dip ; an angle of 50 deg. towards the south-east. The 
line of strike is N. E. 

The- vein matter consisting of quartzite and hydro 
mica schist is about 10 feet thick at the 75 foot level. 
This vein of quartzite is very much decomposed, and 
enclosed between what appear to be semi-crystalline slate 
walls, being the same character of slate as forms Turkey 
Heaven Mountain, which are not well defined near the 
surface. This occurrence of gold bearing quartzite is 
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almost at the extreme point of the strip of mica schist 
formation, which forms the northern prong of fully crys- 
'talline rocks in Cleburne county. A vein of coarse 
grained granite is also exposed in this formation, about 
50 feet south-east of the ore body Ihave referred to, and 
which should be designated as the '* lower" body, be- 
cause on the south-east side of the granite vein another, 
and distinct ore body has been exposed. This outcrop 
occurs paralleling the vein of granite, which is about 30 
feet thick, and in apparent conformity with the general 
formation, both with regard to strike and dip. In fact 
the series occur on the surface as follows : On the north- 
west, the "lower" ore body, about 5 feet thick at the 
surface, bedded in slate much decomposed near the sur- 
face ; next in order, towards the south-east, Turke/ 
Heaven Mountain slate 50 feet ; next granite vein about 
30 feet in thickness, then the mica schist in which is 
bedded th^ * 'upper" ore body. In this ore body the • 
gold is carried by a sandy, sugary, friable quartzite ; and 
considering that ih 18 feet, (the depth of the incline), 
this ore body has increased in thickness from 6 inches at 
the outcrop, to 2 feet at the bottom of the shaft, it is cer- 
tainly a promising prospect. 

In the tunnel on this property, beyond to the south- 
east of the point where the *4ower'' ore body is cross 
cut, an upraise was commenced by the miners who first 
drove this adit. In this I find that the formation above 
the ore body is a pyritiferous graphitic slate very hard 
and similar to the slate forming Turkey Heaven Moun- 
tain it is very tough on this level, which is 50 feet verti- 
cally below the mouth of the incline shaft. 

The granite vein referred to apparently is intrusive^ 
because at a point about 300 yards from the mine work- 
ings, and to the north-east we find it is only 3 feet thick 
at its outcrops, which resembles a big boulder, but is 
continuous towards the south-west ; though apparently 
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not SO to the north-east, so far as the surface indications 
show. 

The slate country rock which forms the hanging wall 
of the ^' lower'' ore body belongs to the Turkey Heaven 
Mountain series, but that forming the foot walling has 
more the appearance of a hydro-mica schist, thaii the 
typical ' 'Talladega" or serai-crystalline slate, found cov- 
ering such an extensive area north-west of the Arbacoo- 
ehee Gold Mining district, and extending to the south- 
eastern bo^-der of the Paleozoic area. 

Traveling in a northerly course frorri the '* Golden 
Eagle V or *' Price'' mine we find this hydro-mica schist 
extends for about li miles. Beyond that point and 
northerly the geology is difficult to determine, because 
the surface of the ground is covered by pieces of quartz 
and soil with no exposures of the slate, until the north- 
east corner of section 9, township 17, range 11 E. is reach- 
ed, where a narrow strip of hornblendic rock (diorite) oc- 
curs. Beyond this again in a northerly direction we 
find no exposures of the slates until after crossing the 
Arbacoochee and Bowden wagon road near the western 
boundary of section 34, T. 16, R. 11 E. where the typical 
*' Talladega" slate occur. 

'^Results of Assays by Dr. J, H, Pratt of Birmingham^ Ala,^ 
from samples taken at haphazard along the Mica- 
Schist Oold Belt. r. 

2053 ChincaPina, Sec. 33, T. 19, R. 7 E. $1.38 per ton gold. 

2062 Pinetucky, Sec. 12, T. 18, R. 10 E. $89.91 per ton gold. 

2063 Geo. Hobbs, Sec. 3, T. 20, R. 7 E. $4.55 per ton gold. 

»2064 Price ''lower'' body. Sec. 17, T. 17, R. 11 E. $2.75 per ton gold. 
«2D65 Price '*upper" body, Sec. 17, T. 17, R. HE. $2 07 per ton gold. 
2070 Laurel, Sec. 4, T. 20, R. 7 E. $77.10 per ton gold. 
2004 Franklin, Sec. 3, T. 20, R. 7 E. $14.26 per ton gold. 
1978 Eckles, Sec, 23, T. 17, R. 10 E. $8 58 per ton gold. 

*Taken from old workings previous to resumption and new work.. 
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^'TURKEY HEA.VEN MOUNTAIN'' OR NORTH- 
WESTERN SEMI-CRYSTALLINE SLATE BELT, 

Gold Ridge Mining District, 

This district is located in T. 17 and 18, R. 12 E. ap- 
parently in the semi-crystalline slate formation, near tha 
line of demarcation between the mica schist belt and the 
slates. In fact it is imnjiediately to the south and east 
of the point where the mica schist wedges out, two mile& 
from the Alabama-Georgia line in Cleburne county to^ 
which I have before referred. 

In some respects the occurrences of gold bearing ore 
in this district may be considered properly to belong to 
the Goldville Belt ; for although the formation is com- 
posed more extensively of the slates found in Turkey 
Heaven Mountain, a graphitic variety of semi-crystallina 
slate interstratified with the regular semi-crystalline 
varieties, than is found elsewhere on that belt ; yet it is 
really the same, when the formations are only classed 
as crystalline and semi-crystalline. 

I can not identify the ore bodies on their lines of strike 
with any in the same formation to the south-west, and 
for that reason as well as because of the slight difference 
in the country rock, I have considered this district as 
distinct from the Goldville Belt. So far as at present 
prospected the quartz seams in this district rarely carry 
any values . The ore which yields value is a ferruginous- 
sandstone, but several very fine specimens of sugary 
quartz, impregnated with free gold are reported to have 
been found in this district, a few years ago. Several of these 
I was shown by Mr. Charles Harper of Rome, Ga., who 
is a part owner in about 1,600 aces of land in the neigh- 
borhood. The only prospecting work of which I could 
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obtain any knowledge has been done on this property, 
which comprises portions of Sees. 27, 33, 34, T. 17, R. 
12 E. and Sees. 3, 4, 5, 7, 8, T. 18, R. 12 E. 

I could not ascertain the exact location, of this prospect 
work by section number, nor could I, when I examined 
it, deteri^ine any essential points relative to the ore body. 
A shallow incline shaft had been sunk exposing a body 
of ferruginous sandstone about 20 feet in thickness, hav- 
ing its line of strike nearly Northeast and dip 
about 45 deg. to the S. E.. Samples taken from the 
dump panned in free gold satisfactorily, showing some 
$4.00 or $5.00 a ton; but the ore body itself could not 
be sampled because of water filling the shaft. I was in- 
formed that the entire thickness averaged as well as the 
samples I tested. It is claimed, work was abandoned 
because of the water rising in the shaft, and the owners 
were not in position to provide pumping facilities. 
Really the property was purchased for speculative pur- 
poses, and the only object of the owners appears to have 
been to expose an ore body, and make no attempt to de- 
velop it. 

The property was purchased with the view of controll- 
ing as much as possible of the lead longitudinally, and, 
if development should prove that continuity along the line 
of strike is maintained, together with values, and con- 
tinuity at depth, th*^n this will be a valuable property. 
But such can only be determined by actual work, whicli 
at present has not been performed. 

An analysis by Dr. Pratt showed $4.82 a ton in gold 
from samples taken from the dump I have referred to. 

Turkey Heaven District. 

From the Gold Ridge property I followed the line of 
demarcation between the semi-crystalline slate and mica 
schist towards the south-west, to the point where the 
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slates wedge out near Riddles' Bridge, and prospected 
back to the norfch-^ast in the semi-crystalline formation. 
In this region are located the Turkey Heaven Mountains, 
from which the mining district derives its name. 

I found that gold bearing ore occurred at several loca- 
tions at and near the base of these mountains, but none 
has yet been discovered in the mountain itself. On its 
summit and sides, as well as in the formation to the 
south-west, the graphitic variety is interstratified with 
the Talladega, and other semi-crystalline slates, and all 
of the occurrences of ore carry a large percentage of this 
graphite . 

Miller, Sec. 35 y T, 17, R. i^.— This is the most south- 
westerly discovery of gold bearing ore in this Turkey 
Heaven District. It is located only a short distance 
from the point where the slates wedge out, and are dis- 
placed by mica schist. 

A few shallow prospect holes have been sunk, and a 
body of sandstone exposed, a portion of which carries 
gold. This ore is found to occur under a limonite cap- 
ping, and I could find no evidences of well defined walls 
to indicate vein structure. The barren, and value-carry- 
ing ores appear to be intergtratified , and form a deposit, 
with its dip towards the south .east, and on only a very 
slight incline. 

The work has been insufficient to base any estimates 
as to value of the prospect, but the indications point to 
there being a large deposit. I base this opinion on the 
showing in a number of shallow prospect holes sunk 
along the line of strike and from the outcroppings , which 
prospect some colors. 

Crown Pointj Sec, 19, T. 17, R 11,— To the north-east 
of the Miller property about 2 miles distant, considerable 
work has been done, and a five stamp mill erected on 
the Crown Point mine. No systematic mining has been 
done here, although a small quantity of ore was run 
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through the mill in 1893. But the value saved was inr 
suflBcient with such limited crushing capacity to produce 
profitable results. Consequently work was abandoned, 
before the value of the prospect, or extent of the ore 
body was determined. 

A sample assayed by Dr. Pratt showed $3.23 in gold a 
ton. From this property the leads of gold bearing ore 
apparently follow the flanks of the mountain, one on the 
south-eastern and another on the north-western. Along 
the southern flank but little prospecting has been done, 
and such failed to expose any promising prospects. The 
work though was quite limited in extent, and if pursued 
systematically may yet result in the discovery of gold 
bearing ore bodies. 

Moss-hack, Sec, 35, T. 17, R, 11 ^.— This was one of 
the early gold discoveries, made during the copper ex- 
citement early in the '* seventies.'' The outcrop and 
ore near the surface yielded very fair results, as I am 
informed on reliable authority ; but deeper mining oper- 
ations appear to have resulted disastrously, judging from 
the fact that both mine and mill have been deserted for 
years. 

Two incline shafts were sunk on the lead of ore, one 
exposes an ore body 8 feet thick bedded between walls of 
a talcoid graphitic schist, or decomposed slate, resem- 
bling schist in appearance ; the other an ore body 18 
inches thick, bedded in the same country rock. 

The Ig^st mentioned, was known as the "Houston'' 
shaft, and I am informed the ore taken from it yielded 
by mill runs from $4.00 to $4.50 a ton in free gold. The 
first mentioned, was known as the ''Company Shaft." 
This was considerably deeper than the ' 'Houston, " being 
some 30 feet. The ore taken from it was of lower grade 
than from the other, but the cost of mining the thick ore 
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body was of course less than the thin ; which ought to 
have offset the differeoce in value. 

A vertical shaft was sunk, with a view to cross cut the 
ore body exposed in the ''Company" shaft at greater 
depth . While the work was progressing, I am informed , 
that the superintendent reported that the gold bearing 
ore had given place to copper bearing ore. He shut 
down the mill, and abandoned mining operations at once, 
and the same condition of idleness exists to-day. I was 
unable to explore the workings because of water, so can 
not verify my information by a personal examination. 

A good ten stamp mill was erected on this property in 
1890, and for several months quite extensive mining and 
milling operations were conducted. , 

Pritchard, Sec. 36, T. 17, K 11 ^.— Here an incline 
shaft some 15 feet deep, has been sunk for prospecting 
purposes, and about 7 feet of strata of auriferous sand- 
stone, or quartzite has been elposed. This is bedded 
between talcoid graphitic dei3omposed slate or schist 
walls, with a slightly inclined dip towards the south- 
east, and its line of strike nearly north-east. By 
panning an average sample from the entire thickness 
this proved of low grade, about $3.00 a ton ; but by se- 
lecting samples some very rich results were obtained. 

Lucky Joe, Sec, 25, T, 17, R, 11 ^.— This property is 
located to the north-east of the Moss-back and nearly north 
of the Pritchard, distant about three-quarters of a mile from 
either. Although, at the point that active mining operations 
were carried on in 1893, the formation on this property is 
contorted from the normal line of strike North-east 
to an abnormal line nearly due north yet I am inclined 
to class the Moss-back and Luckey Joe as belonging to 
the same lead of quartzite. Although I have never actually 
followed the outcrop of the formation, from location to loca- 
tion, yet the evidence of folding by lateral pressure is so 
well defined, by the crooked lines of the strike of the slates 
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on the Luckey Joe property, and the resemblance in the ore 
so marked, together with that of the country rock, that I 
feel convinced developnient will prove the correctness of my 
theory. But I doubt very much if the lead, should its con- 
tinuity so far as formation is concerned be proven, will 
maintain any continuity so far as being gold bearing, is con- 
cerned. 

Development in the Lucky Joe has already demonstrated 
that the pay ore is found in chimneys , or shoots in the ore 
body. The property was first opened in 1893 to a notable 
extent, and a ten stamp Fraser and Chalmer's mill erected 
thereon, with all the latest improvements. But as it proved 
later, the management had committed the fatal mistake of 
erecting this plant before the property was sufficiently pros- 
pected to prove that a minp actually existed. Consequently 
the first clean up was not satisfactory, and all work was 
abandoned for several weeks. Later, after more extensive 
prospecting, other mill runs were made, which prcved inore 
encouraging; having demonstrated that $2.27 a ton could be 
saved in gold, by amalgamation. The cost of mining and 
milling, I Avas informed by the Superintendent (an experi- 
enced miner from Colorado) was $1.35 to $1.45 a ton. The 
capacity of the mill using 30 mesh screens, being 30 tons a 
day, together with the other facts I have mentioned, insured 
profitable results from mining and milling, provided that 
fliufficient quantity of ore of that grade could be mined. 

During the summer of 1894 I made a thorough examina- 
tion of this property, because the success or failure were 
matters of vital importance to the gold mining industry of 
the state; and I wanted to determine, if possible, whether, 
in spite of partial failure due to the mistake made at the 
commencement, the condition of the property was such as to 
indicate future successful results. 

I found, as I have already stated, that the pay ore lay in 
chimneys or shoots, which occurred through the so-called 
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ore body, of varying width and thickness. Therefore, while 
the vein matter is apparently quite extensive, yet only a lim- 
ited portion carries values; consequently, during the first 
milling operations a large number of tons of barren material, 
having the appearance of pay ore, w^ere milled. This, of course, 
reduced the yield of the ore itself to an insignificant figure. 

The vein matter is a garnetiferous quartzite interstratified 
with a decomposed talcoid slate or schist, and by panning I 
ascertained that sometimes the value is in the quartzite, but 
more often the decomposed material pans the richest. The 
workings consisting of 300 feet of drifting and cross cutting 
show that the chimneys of pay ore are about four feet wide 
and three to four feet thick, dipping towards the east on 
about a 30 degree angle, >vith their line of strike a few de- 
grees west of north These ore shoots lie 
almost parallel to each other, and up to the time of my visit 
three of them had been exposed.' The centre one of these is 
wider than the others, and apparently the main channel^ to- 
wards w^hich the narrower shoots appear to be trending. 
The work being done at the time of my visit Was to deter- 
mine whether these shoots did actually concentrate to one 
main body of pay ore. A winze was being sunk from the 
50 foot level, on which all the prospecting has heretofore 
been done, to determine the extent and permanency of the 
widest shoot at a greater depth.* 

Smith and Wood's Old Copper Mines. — Paralleling the 
Pritchard ore body on its western side occur the old copper 
mines, worked in the early ''seventies" I can only refer to 
these from information I could gain in the neighborhood, be- 
cause all work has been abandoned for several years past, and 
the openings made at that time are all full of water to-day. 

It is a matter of- history that both these properties pro- 
duced considerable copper 20 years ago. The ore was 
smelted in soapstone furnaces, the ruins of which still remain 
as land marks. This soapstone was quarried near by, from 
a ledge which occurs in the neighboring crystalline formation. 

* A few weeks after my visit work was suspended again, and has 
not been resumed since to date, April, 1896. — W. M. B. 
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From the appearance of the water flowing from the old 
workings, the mines were evidently not entirely worked out, 
because scrap iron will precipitate copper in short time, and 
in considerable quantities. Some of the ore must evidently 
be fairly rich. From the most reliable information I can 
gather, the work was abandoned because of the average low 
percentage of copper, and excess of iron pyrites. The ruins 
of the plants, old dumps and general appearance of the sur- 
roundings indicate that quite extensive operations were car- 
ried on during the days of copper excitement. Between this 
group of mines and the state line to the north-east no occur- 
rences of gold-bearing ore have been discovered. 

Leaving the neighborhood of this group of mines, and 
traveling towards the north-west across the thick edge of 
this semi-crystalline belt, we cross the eastern flank of Tur- 
key Heaven Mountain. No discoveries of any importance 
of gold-bearing ore have ever been made, until Section 2, 
T. 17, R. HE. is reached. We pass the 

Head Mine, Sec. 13, T, 17, R, 11 E, , on which consider- 
able work was done a few years since, without resulting in 
any discoveries worthy of note, and I only mention it in this 
report to show that in my examination I have not neglected 
to notice any properties on which discoveries are claimed, 
or prospect work of any extent performed. 

Hall, Sec. 10, T. 17, R, 11 E. — Some shallow prospect 
work has been done on this location, but such was not at- 
tended with any promising prospects being discovered, and 
is mentioned for the same reason. 

^HickS'Wise, Sec. 2, T. 17, R. 11 E.—A greater vertical 
depth has been reached in the workings in this mine, and a 
more extensive ore body disclosed than at any in Alabama 
at the present period. A shaft, almost vertical, has been 
sunk 110 feet, or 27 feet below water level. About 3,000 

* The present period referred to is the summer of 1893. — W. M. B. 
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tons of ore have been mined and milled from levels run 
from this shaft, at 20 feet, 40 feet and 85 feet from the sur- 
face. It is claimed that this ore yielded $2.00 a ton by 
amalgamation. It can hardly be classed as free milling ore, 
although no other treatment has been attempted. Because 
of the percentage of graphite it carries from the surface 
down, and the sulphurets below water level, amalgamation 
will never save full values. 

The line of strike is Northeast with aii almost ver- 
tical dip towards the S. E. The structure of the ore body 
can hardly be considered as determined. In the soft de- 
composed slates from the surface to water level, it has all 
the appearance of a mass of ferruginous sandstone, quartz 
and decomposed slate with the appearance of a stratified de- 
posit of unknown depth, and width. At the 85 foot level 
(the deepest work I could examine, because of water and no 
pumping facilities), this ore body has been drifted on a dis- 
tance of about 200 feet, and maintains its continuity ; but at 
no point has it been cross cut to determine'its extreme thick- 
ness. Both headings of the drift are in ore. A cave which' 
occurred near the surface, shows a thickness of ore 25 feet, 
but whether that is the maximum can not be determined. 

Assays on the Hicks- Wise I am informed by Mr. Julius 
Houston of Arbacoochee, show its value to increase from 
$2.00 a ton at the surface to $14.00 at 110 feet, at which 
point the sulphurets ran as high as $39.00 a ton. Th6se 
assays I was informed were made by W. M. Qourtis a min- 
ing engineer and chemist of Detroit, Mich., who made an 
expert examination of the property in 1893. Other assays 
are given below. 

Lee Mine, Sec. ^, T, 17, R, 10 E. — This property was 
purchased in the spring of 1894, by a syndicate of capitalists 
from Cincinnati, and extensive prospecting work commenced. 

The line of strike of the formation and ore body is North- 
west with the dip slightly W. of S. at an angle of 
45 deg. It has all the characteristics of a bedded vein be- 



"TURKEY HEAVEN MOUNTAIN '' 79 

OR NOBTH-WBSTBRN SEMI-CKYSTALLINE SLATE BELT. 

tween slate walls, wljrich are well defined, better in fact than 
at almost any location I have examined in the State. The 
varying tTiickness of ore in a drift at 40 feet from the outcrop, 
on an incline conformable with the dip, i^ between 4 and 5 
feet. An incline shaft has been sunk about 40 feet, from the 
surface down with the dip, where a cross cut tunnel from the 
south side of the ridge in which the ore body is located, in- 
tersects the bottom of this shaft. A drift 121 feet in length 
has been run on this level, in ore the entire distance, with 
ore in both headings, and nearly 80 feet of the drift show- 
ing the ore body to maintain its continuity at its maximum 
thickness. From the level of this drift an incline has been 
sunk 20 feet, showing the ore body to be 5 feet 6 inches 
thick at the bottom. 

The plant at present in operation for treating this ore 
comprises three arastras, and a Blake crusher. The super- 
intendent, Mr. S. Fehr of Cincinnati, informs me that by 
this treatment, he has demonstrated that the ore will mill 
$5.00 a ton in gold. • 

A fair average sample I took myself from the entire 
thickness of the vein as exposed at 15 feet deep assayed by 
Dr. Pratt of Birmingham, yielded $12.61 aton in gold. The 
thickness of the vein at the point from which I took my 
sample was 2 feet 6 inches. 

Crumpton, Sec. 7, T. 17, R. W E. — The occurrence of 
gold bearing ore discovered on this property, has not been 
prospected sufficiently to determine whether any ore body 
beyond the mass of outcrop, and irregular ''blow out," as 
it may be termed, really exists. The ore is the same fer- 
ruginous quartzite, in the ''Talladega" semi-crystalline 
formation, as that occurring in the Lucky Joe and Moss- 
back; but the country rock shows less of the graphitic 
variety of slate than that in which those mines occur. How- 
ever, as the line of strike on the Crumpton has its normal 
trend Northwest and the property is located on a 
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direct line geographically, with those mines I have men- 
tioned, I believe I am correct in classing it as a possible 
exteni^Hm^ wnl^jeet of course to determination by actual pros- 
pecting. Scmie of this ore pans very richly, especially that 
from some strata which are less ferruginous than the bulk 
of the ore, 

Middkhrook, Sec, S, T, 17, R, 12 £'.— This property is 
located in the north-east corner of the north-west quarter of 
the section, 'i'he ore body is interstratified with the forma- 
tion, having li^ tjtrike North. east and dip South-east con- 
formable with the country rock,, the same ''Talladega'' 
seiui-erystidline as is typical of this section of the gold fields. 
The ore is a ferruginous quartzite, and the body is capped 
with liinonite. An incline shaft has been sunk about 20 
feet deep allowing a thickness of pay ore nearly 5 feet; from 
which I obtained not less than $5.00 a ton in gold, by pan- 
ning an average sample taken from the entire thickness. 

BaUinger, Sec, .^, T, 17, R, 12 E. — An occurrence of gold 
bearing ore, Biuiiktr in character and at the outcrop of about 
the same relative value from pan tests as the ore found on 
Crumpton property, about 3 miles S. W., was discovered on 
thia [iroperty several months since, but no attempt to develop 
or even prospect the outcrop has been made. 

Sutherland, See. 84, T. 16, R. 12 ^.— Here a body of 
gold bearing quartzite has been quite extensively prospected. 
This ore bod^^j while bearing in some particulars, as to the 
stratified structure, a close relationship to the Middlebrook, 
yet may prove by development to be confined between wel] 
defined w^alls. Certainly it has a well defined slate hanging 
wall, but no solid foot wall has been yet exposed, unless a 
stratum of decomposed slate, should prove such. The slate 
hanging wall baa faulted at the depth of about 30 feet below 
the surface J and threatens to cut oflf the 'ore body entirely, 
in one incline shaft sunk on an incline of about 45 deg. to a 
depth of 30 feet- At this point the fault in* the slate was 
encountered and work suspended. The ore body had main- 
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tained a thickness of nearly 4 feet above this, and pros{)ected 
very satisfactorily. 

There are two other incline shafts, one 25 feet in depth, 
the other 15 feet. 

The deepest of these two exposes nearly the same thick- 
ness and grade of ore, as in the first shaft mentioned. But 
in the more shallow pit, two bodies of ore which at the out- 
crop, near the pit, appear divided or separated by strata of 
decomposed slate have united, and the body of quartzite has 
an aggregate thickness of nearly 12 feet. But what propor- 
tion of this yields values I am not prepared to state. 

Ore from this property has been milled in a temporary 
stamp mill constructed of wood throughout; except clumsily 
made iron shoes. The stamp stems are made of 4 in. x 4 in. 
scantling. The cam shaft, a log squared, about 12 inches 
through. The cams are cut, with great ingenuity and fasten- 
ed into this log. The tappets were wooden pegs set in augur 
holes bored through the stems. 

The results from milling in such a primitive manner, would 
hardly prove a fair test of the ore; even if such could have 
been obtained, which I found impossible. 

Bennifield, Sec. 27, T, 16, R. 12 JS.— This property has 
been prospected by several shallow open cuts, exposing the 
occurrence of gold bearing quartzite. This has every indi- 
cation, of being a stratified deposit, covering considerable 
area of undetermined thickness. The ore would be classed 
as low grade, so far as my tests by panning, without taking 
a sample in a thoroughly systematic manner, could be relied 
OQ. Some other shallow prospecting has been done in the 
neighborhood, but not sufficient to base any estimate on as 
to extent, value or permanency. More extensive work 
should be done, before any determination as to the value of 
any of this district can be arrived at. In fact the same 
proposition applies to the entire State so far as gold mines 
are concerned. 
6 




CALIFO 



82 GBOLOGTCAL SURVEY OF ALABAMA. 

Marion \VJdie, Sec. 6, T. 16, R, 12E.—ln this same ''Tal- 
ladega-' slate foroiatioD, and to the north-west of the 
quartzite botlies just referretl to, and within a short distance 
of the Georgia Pacific Raih^oad in Cleburne county, occur a 
few pros})ect?^, \vhich are promising enough to warrant the 
performance of more work than has ah'eady l^een done. The 
most important of these <liscoveries is on the Marion White 
property, over which in ISO 3, there was considerable excite- 
ment because of some quite rich quartz specimens being 
found in which the free gold \\aH visible to the naked eye. 
These were found as float. Prospecting exposed a thin vein 
of quartz with lenticular structure bedded in the slates, 
which also panned fairly well. But a sample which was 
assayed 1)34 Dn Pratt only yielded SF2.37 a ton in gold. The 
work was not of suflScient extent in the neighborhood, to 
warrant the expression of an opinion. 

James Moore, Sec. J£ avd IS, T. 16, R, 10 £.— This 
property is some miles south-west of the White prospect. 
Placer mining of considerable extent was carried on in this 
neighbt)rhood as well as on this particular property some 
years since. Sluicing in a tlitch rec^ently yielded some fairly 
coarse particles of gold quite rough, and ragged on the edges, 
denoting it had not been washed far. But for placer dig- 
gings the ground would not pay, and some little surface 
])ro.specting failed to expose any q\iartz body or vein bearing 
gold. Indeed, although the surface of the ground, through 
several properties in this settlement, is plentifully covered 
with float tpiartz, decomposed and porous to some extent, 
and plentifully stained with iron oxide, yet no ore body, or 
outcrop or. even float carrying gold could be discovered. • 

Resume on the Xorih-western Semi- Crystalline Belt, 

1, The extent of this belt so far as the formation is con- 
cerned, and not including the Terrapin and Talladega Moun- 
tains, which, while the formation is the same, I shall treat 
separately, because the ore bodies in these mountains occur 
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on the north-west slope, and consequently really belong to a 
separate and distinct belt, is about 18 miles long with the 
line of strike, and 24 miles wide across the formation at its 
widest part, and contains about 300 square miles. 

II. The ore through the entire belt is a sandstone, or 
ferruginous quartzite, which were it not for the presence of 
graphite, and sulphurets below water level, might be classed 
as free milling of low grade. 

III. A few of the prospects such as Hicks- Wise's Crump- 
ton's, and Middlebrook's may prove to be comparatively 
free milling; and permanent development work may result 
in profitable operations. 

IV. Deeper work is warranted on most of these pros- 
pects examined, because of the rich results obtained from 
many, from the outcroppings, and the fact that so far as 
work has progressed the ore has maintained its continuity 
in value. 

V. The permanency, and extent of these ore bodies, can 
only be proven by deeper and more systematic prospecting; 
while the values can only be determined by thorough test 
and sampling, by the various treatments known to science. 

Results of Assays by Dr. J^ H. Pratt, of Birmingham, 

2058 Lee Mine, Sec. 2, T. 17, R. 11 E. $12.61 gold per ton, no silver. 
2068 Gold Ridge, Sec. 34, T. 17, R. 12 E. $4.82 gold per ton, no silver. 

1966 Hicks- Wise, Sec. 2, T. 17, R. 10 E. $3.14 gold per ton, no silver. 

1967 Hicks- Wise, Sec. 2, T. 17, R. 10 E. $4.30 gold per ton, no silver. 
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A belt of light green colored , highly pyritiferous, altered 
eruptive rock occurs paralleling the ''Talladega" slate 
proper of the Talladega Mountains, on the south-eastern, 
edge ; and apparently maintaining its continuity along 
the line of strike, from the Coosa River, near the mouth 
of Weogufka Creek, towards the north-east into Cleburne 
county. 

This rock is distinguishable from the '* Talladega' ' 
slates by the large percentage of unaltered pyrites it car- 
ries, as well as by its massive structure, hardness and 
toughness. • These last characteristics cause it to be very 
difficult to drill and blast ; while the quantity of crystals 
of pyrites imbedded in it has proved in the past very 
attractive to prospectors for copper ore. At the present 
day it is receiving attention from the prospectors for iron 
pyrites for treatment in the acid plants, in converting 
such into sulphuric acid. 

With what degree of success this class of mining will 
be attended in Alabama, is impossible to determine at 
this early date ; because the industry has not passed be- 
yond the age of infancy. 

The Chulafinnee and Arbacoochee Mining Districts 

in Cleburne county are located on the south-eastern bor- 
der of this formation. As early as 1842 placer mining 
was carried on in these districts very extensively. Es- 
pecially was this the case with regard to Arbacoochee, 
when the town bearing that name was a typical placer 
mining camp, in all that the name implies. The stories 
of big nuggets, and rich pockets or beds of gravel, are 
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to a certain extent facts, proven b}^ the returns from the 
Mints, in which Alabama is credited with producing 
$365,300.00 in gold between the years 1799 and 1879, 
the bulk of which came from this district. I group these 
districts under one head because they are in the same 
geological formation, the continuity of which is main- 
tained throughout. While Chulafinnee is located about 
10 miles to the south-west of Arbacoochee, and across the 
^ Tallapoosa River, yet from a miner's standpoint the re- 
lationship between the two localities is %o close that I 
am justified in classing them under one head ; although 
I shall consider the occurrences of gold-bearing ore and 
gravel in each separately. 

The Chulafinnee Mines are located, so far as at present 
discovered, in Sees, I4,, 15, 16, 23, Hy ^^, T, 17, R, 9. E. 
The most extensive placer mining in the past was done 
on these tracts, through which the waters of Chulafinnee 
and Carr Creeks flow. 

Judging from the extent of the tailing dumps and 
workings, the gravel beds must have been quite exten- 
sive. But these have been worked out where profitable, 
and to-day some five or six feet of surface soil have to be 
removed to reach gold-bearing gravel, which will pay an 
average of 75 cents a day to the man by sluicing. Con- 
sequently these cannot any longer be considered as pay- 
ing placer mines, though the formation would warrant 
investigation with the view of adopting hydraulic min- 
ing, and such might prove profitable because the gravel 
beds exposed under the soil are apparently of consider- 
able extent. 

So far as quartz mining is concerned, but little work 
has been performed, except at the 

King Mine, Sec. 16, T, 17, R. 9 E, — Here a stamp mill 
was in operation in the '-'seventies ;'■ but work was aban- 
doned, it is claimed, because of litigation. The old 
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openings show that mining was carried on quite exten- 
sively ; but it is impossible to form any estimate of the 
extent of the ore body, because the deeper shafts are 
filled with water, while the shallow openings have beeu 
abandoned so long they are filled with debris. In one 
pit, near the surface, I was enabled to expose a seam of 
hard white quartzite about six inches thick, having a 
N . and S . strike, and dipping nearly vertically towards 
the E*, bedded in strata of decomposed schist. Thi3, 
however, could hardly have been what the owners were 
working, because it only assayed $1.03 a ton in gold. 
From the extent of this pit, the mouth of which covers 
an area of some 2,500 square feet, it would appear as 
though the country rock had been milled, as well as the 
thin strata of quartzite. 

' Striplin, Sec. 22, T. 17^ R. 9 ^.— Here sufiicient pros- 
pecting has been done to show the occurrence of a body 
of gold-bearing quartz of irregular structure, character- 
istic of such outcrops as miners designate as ** blow-outs 
or burst-ups." 

The shallow openings were made on the summit of a 
ridge, extending N. E. and S. W. between the head 
waters of Carr Creek. The gravel in both of these 
branches is gold-bearing, and the old dumps and pits 
show that placer mining of extent was done in the past. 
Sufiicient depth was not reached in this prospect work 
to determine any facts relative to extent, value or per- 
manency. 

On the south-east slope of this ridge another pit some 
eight or ten feet deep exposes some narrow stringers of 
a white sugary quartzite, with a north and south strike 
and almost vertical dip towards the east, bedded in 
strata of decomposed schist, apparently the same as occurs 
in the Arbacoochee mines. This prospected fairly well 
by panning without crushing, thus showing that the 
gold from the quartz had been disseminated through the 
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decomposed schist, to some extent. 

The quartz in this prospect I preserved after panning, 
and by assay it yielded $3.31 in gold a ton. 

Samples I took from several outcrops assayed between 
sixty and seventy cents a ton in gold . 

A discovery has been recently reported (Sept., 1894) 
as having been made on the 

Higginbotiom Propertyy adjoining the Striplin on the 
north-east. The ore body resembles the thin strata of 
quartz and decomposed schist described as occurring on 
the Striplin land. It pans very richly at the surface, 
and is sufficiently promising as a prospect to vp-arrant 
the performance of work, to prove its extent and value 
at depth. 

Between the Chulafinnee mines and Arbacoochee 
mines no discoveries of gold have been made. In fact, 
I can learn of no prospecting work of recent date that 
has been done; although the formation maintains its 
continuity and gold can be panned out of the gravel in 
nearly any of the creek beds or gullies, in small quan- 
tities . 

• 

Arbacoochee Mines y Sections 5, 6 and 7, T. 17, R, 11 E. 
These sections, I learn from information, as well as ob- 
servation, judging from the old dumps and workings, 
furnished all the gold credited to Arbacoochee in the old 
days of placer mining. 

To-day there are spots on either of these sections 
which yield profitable results from sluicing, and a large 
area would pay for hydraulic mining, provided water 
could be obtained in sufficient quantity, and pressure by 
gravitation . 

On section 5 hydraulic mining has been carried on 
at irregular intervals for several years past. But as no 
record of the yield has been kept, it is impossible to 
make any reliable estimate of the amount of gold cleaned 
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up. Traditions are related which, however, cannot be 
sufficiently reliable to base any statistics upon. Many 
of these place fabulous, values on some pockets and beds 
of gravel washed out in the past. Nuggets ranging in 
value from $1.00 to $1,300.00 are claimed to have been 
found by diflferent miners at various spote throughout 
the entire district. 

There is one feature which deserves attention, and it 
is the fact that at no point has solid formation been 
reached in the old workings. The bed rock has been 
considered to be a red clay* which underlies the gravel 
beds. These gravel beds occur in pockets about three 
feet in thickness, and very close to the surface, on a 
ridge, which apparently was the bed of the creek, which 
has since cut its channel to a considerable depth below 
the summit of this ridge. 

To determine the present value of these hill ''dig- 
gings," as they may be termed, would require a vast 
amount of time and actual work, which the survey is 
not prepared to devote to it. 

In 1893 an expert examination was made by W. M. 
Courtis, of Detroit, Mich., of a portion of Sec. 6, known 
as the ^'Denson*' property. This expert informed me at 
that time that the value of the placer ground on a por- 
tion of the section was 20c. a yard. However, he gave 
me no figures as to extent, which, of course, would be 
most important. But as to water facilities, he informed 
me it would be necessary to bring the supply from the 
Tallapoosa River, the nearest point being about two and 
a half miles. 

Considerable prospecting for quartz veins has been 
done in this district with varying results. But no plant 
has ever been erected to treat any of the gold-bearing 



♦This **red clay" is in many places seen to be merely the thoroughly 
decomposed rock, the "saprolite" of Prof. Becker. See also Report 
of Alabama Geological Survey for 1874, p. 44. E. A. S. 
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quartz, although several veins (usually thin) have' been 
exposed in the prospect pits, which yield good results. 
Some very fine free gold specimens, the quartz carrying 
the gold being of a whitish sugary nature, have been 
found both as float and in some of the vein stone. 

The maximum extent in width of the Arbacoochee 
gold-bearing gravel belt is attained on sections 5 and 6, 
where it is fully one mile across from the northwestern 
to the southeastern boundaries. One very noticeable 
difference occurs in the country rock on the north-west- 
ern side of this belt and that on the south-eastern, or 
rather in the formation which parallels this '^Iwana" 
rock formation on the north-west, and that which paral- 
lels the placer district on the south-east. The ''Talla- 
dega' ' slate beyond the north-western boundary is less 
crystalline, and carries no "iron garnets'* (i. e., altered 
pyrites) ; but apparently the same type of slate beyond 
the south-eastern body is very highly garnetiferous, and 
almost fully crystalline, graduating into hydro-mica and 
mica schists further to south-east. Another appreciable 
difference is that the formation to the north-west for a 
distance of at least five miles is, so far as at present 
known, entirely non-mineral bearing ; while on the south- 
east it is gold bearing. 

In following the Arbacoochee belt towards the north- 
east and along the Trickem Valley, I found that less 
regularity existed in the maintenance of its width than 
is the case^ to the south-west. Although towards the 
souih-west the pay diggings are found to occur only 
in spots, yet the formation maintains its continuity and 
average width yielding colors generally where any gravel 
is washed, beyond the recognised limits of the placer 
diggings ; but not sufficient to warrant its classification 
as pay dirt. 

Hence, while the formation is continuous from Chula- 
finnee to Arbacoochee, it is only on the tracts I have par- 
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ticularly referred to that pay diggings really occurred. 

Near and below water level quicksand occurs in this 
formation through the northerly portion of the district, 
but in the southerly hard bed rock is reached at shallow 
depth . 

In a north-easterly direction from Sec. 5 the placer 
belt diminishes in width very rapidly, and near the 
north-west corner of Sec. 2, T. 17, R. 11 E., it is entirely 
lost, so far as the State of Alabama is concerned ; at 
least, so far as is at present known from the prospecting 
that has been done. 

During the summer of 1895, the Hilton Brothers and 
•R. E. Merrill obtained an option on 200 acres of section 
7, and the first named a lease on 20 acres of the 
Denson property on the west half of section 6, and 
immediately adjoining section 7 on the north side. 
This action was based on a tradition of a very rich find 
made by a man named Marable in the ** forties," in the 
placer ground drained by Clear Creek. The father of 
the Hiltons had marked the location of this find, and 
bequeathed the knowledge to his family before his death. 
The understanding was, that at any time the brothers 
could obtain an option or lease on the property he desig- 
nated, that they should work it for the benefit of the 
family. Tradition said that Marable had taken llf lbs. 
of gold from this pit in a half day, celebrated his dis- 
covery by a carousal , during which he died. The pit in 
the meantime had filled with water, and had not been 
disturbed since that day in the '^forties,'' until the sum- 
mer of 1895. 

After prospecting for some weeks the ore was encoun- 
tered, together with a large quantity of gold dust and 
nuggets. The most important feature of this discovery 
was the auriferous quartz in place. A dispute arose 
between the owners of the proper,ties relative to the land 
line as soon as the discovery was made, which caused 
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the suspension of operations at that particular point. 
When work was stopped, a fresh fracture in the quartz 
in place showed native gold imbedded in it, in suflS- 
ciently large particles to be visible to the naked eye 20 
feet distant. ' 

The country rock, proved to be a gneiss,* in which the 
auriferous quartz was bedded, the strike and dip con- 
forming, so far as seen, with ihe structure of the coun- 
try rock. Sufficient work had not been done to deter- 
mine the structure of this ore body, or its permanency. 
. In thickness it was about six inches. 

The result of this discovery was the performance of a 
large amount of prospecting work by a Chattanooga syndi- 
cate to which the Hiltous had sold their option. This was 
done at several points on section 7, and is being- carried on 
at the time of making this report . 

Other adjoining properties shared in the activity and the 
entire district changed its aspect from one of abandonme,nt 
to one of life. 

T. H. Aldrich of Birmingham optioned the east half of 
section 6, or the Creamer property, as it is locally called. 
He commenced a systematic method of prospecting to en- 
deavor to discover the rich ore body to the north-east along 
its line of strike. Several cross cut trenches were dug, and 
at two points the ore body, or what was apparently the same, 
was cross cut. These were located about 1,000 and 1,700 
feet, respectively, from the Marable. If these belong to the 
body discovered by the Hiltons, then there is every reason 
to believe that a series of faults occur in the formation 
which have thrust the body from its normal line of strike, 
because where discovered by Mr Aldrich, the auriferous 
quartz is 600 or 700 feet north of the normal line of strike. 
This theory is tenable from the fact that in a shaft sunk 30 
feet south, of the Marable pit, a well defined fault is seen, 
and in a pit sunk a few degrees west of south of the Marable 



•See Mr. Brooks' notes, Part II of this report. E. A. S. 
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pit, a few feet distant, and on the line of strike of the* ore 
body, such was not exposed. If the ore body was contin- 
uous, it must have been exposed in this pit. 

The same country rock as is encountered in the Hiltons' 
workings is found to extend through the east half of section 
6 to the north-east, as well as through section 7 to the south- 
west, and is apparently about 800 feet wide. This is a 
gneiss, and further examination proves that the same char- 
acter of country rock is continuous through this a^ well as 
the Chulafinnee mining district on the opposite side of the 
Big Tallapoosa river, crossing that river in the vicinity of , 
Denman's bridge. Several bodies of auriferous quartz, of 
low grade, at the outcrop, cross the east half of section 6, 
but have not been prospected beyond its lines. 

TUe Anna Howe, Anna Howe Extension and Cruichfield 
ore bodies form the north-western boundary of the placer 
diggings, and undoubtedly have furnished a great deal of 
the gold found in those diggings. 

Although the outcrops of neither the Anna Howe nor the 
Crutchfield can be traced above the surface to the south-west 
beyond the west line of section 5, with sufficient clearness to 
establish continuity along the line of strike, with any of the 
quartz bodies in the Chulafinnee district, yet from the simi- 
larity in the relations of the two, I am of opinion that the ore 
body at the King Mine in Sec. 16, T. 17, R. 9 E. is really 
an extension of the Anna Howe. 

In Coosa county some 60 miles or further to the south-west, 
in the same formation, (Talladega slate, close to the Iwana 
or Hillabee schists) we find the old Parson^ s Mine, Sec. ^, 
T. ^3, R, 17 E.J which was worked quite extensively 4 or 5 ' 
years since. Here we have a narrow quartz vein with lentic- 
ular structure bedded in the slate, having its strike N. E. 
and dip towards the S. E. at 45 deg. When I 
visited this mine, in company with Dr. Eugene A. Smith, 
during the summer of 1894, we found it impossible to de- 
termine any facts with regard to permanency, extent or value 
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of the ore body. The old pits and dumps, open cuts, and 
deep shafts denoted that the mining operations had been on 
quite an extensive scale; but not performed systematically, 
or apparently with any view to development for future min- 
ing. The idea being, as it seemed to me, to obtain what ore 
could be got as cheaply as possible, and let the workings 
fill up with water or cave in. 

But to return to the ilnna Howe Extension, Sec. 3 If., T. 
16, R, 11 E. and Crutchfield on the same section, in fact a 
portion of the same property. 

The ore of the last named has been discovered at no other 
points except on this property, and on Sec. 3, T. 17, 
K. 11 E. 

The abandoned pits along tbe line of strike of this ore 
body on Sec. 34:, are evidence of the work done in the past, 
when as 1 am informed some $2,500.00 was taken out of the 
vein, which varied from 4 in. to a foot thick, from shallow 
pits. These were sunk 10 or 15 feet on the dip of the ore 
body, which lies almost flat,' dipping towards the south-east. 
All the ore that could be worked out, without timbering or 
danger from caving, was mined. That pit was then aban- 
doned for another, to be in its turn worked out and aban- 
doned, until the line of pits reaches for nearly half a mile 
in a course slightly north of east. 

On Sec, 3, T. 17 , R. 11 E. known as the Valdor property, 
a shaft about 10 feet deep has been sunk on an ore body, ap- 
parently an extension of the Crutchfield. An ore body or 
bedded vein, having lenticular structure, and varying in 
width from 4 inches to a foot has been exposed. This dips 
to the south, lying almost flat, and has its line of strike 
N. W. at this particular spot. But on Sec. 34, the vein has 
the normal line of strike general in the Alabama gold fields 
N. E. Except that the ore has the same appearance, and in 
general characteristics, except strike and direction 
of dip; these ore bodies bear strong resemblance, bnt I 
can not determine positively that the Valdor is 
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an extension. The fact that the line of strike of the slates 
changes on the Anna Howe, Sec. S3, T, 16, R, 11 E. makes a 
strong presumption for the theory in favor of the extension. 

The Anna Howe itself was one of the first gold bearing 
quartz discoveries in the Arbacoochee district. It is a seg- 
regated or bedded vein of highly sulphuretted white quartz, 
plentifully stained with, iron, and partially porous and de- 
composed. From the surface down, a distance of about 100 
feet, on an incline with the dip of the vein, the country rock 
enclosing this ore body, had much the same appearance of 
decomposed schist and quicksand as is found in the placer 
diggings. But at that depth this gave place to the solid 
^'Jwana^^ or Hillabee schist walls, highly pyritiferous, carry- 
ing crystal's of unaltered pyrites, in quite large cul)es, as 
well as forming a large per centage of the entire mass of 
slate. When this solid formation was reached, I am in- 
formed, that the vein pinched out entirely, and farther work 
was abandoned. 

That portion known as the Anna Howe was sold to a 
syndicate composed chiefly of New Orleans capitalists, 
who organized as the Anna Howe Gold Mining Com- 
pany. A Huntington Mill complete, with Frue Vanner 
concentrating table attached, was erected, and treatment 
of the ore commenced and continued until, as I have 
already stated, work was abandoned when the ore 
pinched out. Since that time the mine has remained 
idle, and the workings and incline shaft are full of water. 
The prospectus of this company signed by George D. 
Stonestreet, Mining Engineer, and Member Am. Insti- 
tute Mining Engineers, is certainly a work of art, so far 
as estimates with regard to extent and permanency of 
the ore body is concerned. He figuring on 190,728 tons 
of ore in veins, and 297,000 tons of placer gravel in sight 
approximately, as well as figuring on the yield of a 
profit of $6,646,857.00, or 40f per cent, per annum. As 
an actual matter of fact, it is absolutely impossible to 
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figure on any ore in sight, even under the most favorable 
circumstances. Because, as I am reliably informed and 
a& the extension shows, the ore body has that irregular 
lenticular structure, on which it is very unsafe to form 
any estimates regarding the quantity of ore in sight, 
even when the mining is of such a character as will 
enable any estimates to be made. Besides this, the ore 
body at its thickest was only a narrow seam, as is shown 
on the extension. I call attention to these facts not to 
condeban any particular man or property; but because I 
consider it against the best interests of the state for such 
perverted and exagerated statements regarding the facts 
to be published and circulated. 

About the same time that the Anna Howe was sold, 
and the company organized, a syndicate of Birmingham 
and New Orleans capitalists purchased the Extension on 
Sec. 34, T, 10 y R. 11 E,, and organized another com- 
pany. Active mining operations were carried on for a 
while, which were chiefly confined to the Crutchfield 
vein which I have described earlier in these pages. No 
plant was erected by this company and work was aban- 
doned when the same course was pursued at the Anna 
Howe mine proper. 

Recently work has been resumed on the extension, by 
a lessee; who pumped out an old shaft sunk in 1877 and 
continued sinking in order to cross cut the ore body at 
depth in the solid formation and prove the conditions 
there existing. After sinking for several feet, and attain- 
ing a depth of some 60 feet from the surface, the water 
became of greater volume than the capacity of the pump , 
and work on this was suspended. The only results 
demonstrated were the extreme hardness of the **Iwana" 
and rock, that the percentage of pyrites carried by that 
rock, did not increase to any marked extent as the sink- 
ing progressed. 

The lessee then re-opened an old tunnel and incline 
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which had been abandoned when mining was discon- 
tinued. From this opening he succeeded in taking out 
about ten tons of a highly sulphuretted quartz, some- 
what decomposed and porous in spots, as well as being 
plentifully stained with iron oxides . This he attempted to 
mill and treat by amalgamation, saving the concentrates 
with blankets. He informed me that he succeeded in 
saving $175.00 from the ten tons; besides the concen- 
trates, of the value of which he was unaware. .From 
the appearance of the ore, and all the general character- 
istics of the formation, this is certainly an extension of 
the Anna Howe vein. The ore body is only a few inches 
in thickness, and has the lenticular structure , and almost 
flat dip, typical of this district in the quartz veins. 

On Section 5, T, 17,, R. 11 E,, an ore body resembling 
the Anna Howe vein has been exposed ia a shallow pros- 
pect hole, but suflicient work to determine its extent had 
not been performed at the time of my visit. Some of 
the ore near the surface, after being thoroughly roasted 
and treated by stiff amalgamation, yielded about $30.00 
a ton in gold. This ore though is not adapted for any 
treatment other than barrel chlorination or smelting, or 
possibly the cyanide process. 

The line of strike of the Anna Howe vein is irregular, 
and by actually following the formation I found it 
assumed a zigzag course . Consequently it is found, espe- 
cially towards the north-east from Sec. 34, to change 
from North-east to Nortn-west several times within 
a few miles. Near the north-west corner of Sec- 
tion 2, T. 17, R. HE., it assumes its normal line of 
strike ; but near there it is apparently cut off by a fault, 
and together with the placer belt is lost to the north-east 
so far as Alabama is concerned. From the geological 
conditions surrounding the locality, there is foundation 
for the theory that the Camille Mine in Haralson county, 
Georgia, is the north-east extension of the Anna Howe 
ore body. 
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Assays by Dr. J. H. Pratt, of Birmingham, Ala., on 
samples from the Chulafinnee and Arbacoochee Districts, 
resulted as follows : 

2049 King Mine, Sec. 16, T. 17, R. 9 E., $1.03 in gold per ton. 
2051 Valdor, Sec. 3, T. 17, R. 11 E., Crutchfield vein, $517 4 ton in 

gold. 
2054 Striplin, Sec. 22, T. 17, R. 9 E., $3.31 a ton in gold. 
2057 Anna Howe, Sec. 33, T. 16, R. 11 E., $12.40 a ton in gold. 

1976 Reeves' Shaft, Sec. 6, T. 17, R. 11 E., $2.40 a ton in gold. 

1977 " " Sec..6, T. 17, R. llE.,$2.86atoningold. 
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TALLADEGA AND TERRAPIN MOUNTAINS. 

Riddle's Mill On Sec. 16, T. 19, R.6E., in Talladega 
county , near Waldo P . . or Riddle 's Mill , there is an oc- 
currence of gold-bearing quartz. This is on the north- 
western flank of the Blue Ridge Range of Mountains, 
locally known as the Talladega. 

The ore body is a white quartz, highly sulphuretted, 
and having its line of strike North-west, with its 
dip almost flat, and towards the S. E. The structure is 
that of a bedded vein, of lenses or kidneys of gold-bearing 
quartz ; with its continuity maintained with depth , so 
far as mining has exposed to the depth reached, not to 
exceed 100 feet on an incline with the dip of the ore body. 
But in the connection found to exist between the lenses 
or kidneys, the thickness of the streak pinches to a mere 
trace ; while these kidneys rarely exceed four inches 
at the thickest part. The . value of this quartz 
varies from $20.00 a ton in gold to $150.00 by assay test. 
The country rock^ is the * 'Talladega" variety of semi- 
crystalline slate. 

Some fabulously rich pockets, I am informed, were dis- 
covered at and near the outcrop. At one time a syndicate 
from Birmingham, Ala., mined and milled the ore for about 
6 months; but work was abandoned because of the inability 
to save values by amalgamation. 

A system of concentration was also adopted but proved 
unsatisfactory. Since then several local miners have from 
time to time leased the property, and sometimes made good 
wages with a pan, pestle and mortar, by crushing the sur- 
face ore, and panning it. During the summer of 1894, Mr. 
Walter Riddle one of the owners, milled the ore mined by 
lessees, in a small mill with light stamps, with some degree 
of success. 
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The continuity of this vein is maintained along the line of 
strike with well defined regularity, for a distance of some 
two miles to the south-west from the north line of Sec. 16, 
Mining of considerable extent but in a primitive method has 
been done on the Kiddle property, and the prospect pits ex- 
tend for over half a mile. 

On the Woodward tract in Sec. 16 and adjoining the 
Eiddle the same ore body has been prospected to a limited 
extent. 

In a south-westerly direction from this last mentioned 
prospecting, the vein crosses Talladega creek, and can be 
followed by the float and outcrop of the country rock to the 
old 

Story Mine, Sec. 17, T.19yR. 6 E, where quite extensive 
mining operations and some milling were carried on several 
years since. The ore was mined. from the surface down, on 
an incline with the dip some 60 feet. At the heading, and 
where exposed along the sides of this incline, the ore body 
shows the same characteristics as on the Riddle, and Wood- 
ward properties. 

Towards the north-east I can learn of no successful pros- 
pecting in this formation having been done. 

Some 3 miles to the north-east of Ironaton, a Mr. Seay 
the original owner of the Clifton Iron Company's ore lands, 
has prospected f ot years for silver. His prospecting work 
is founded on the traditions from the Indians, in which he 
apparently has implicit confidence; because although his 
work has invariably resulted in failure yet he persists in 
continuing his search. 

Further to the north-east in the Terrapin Mountains and 
in the same ' 'Talladega" semi-crystalline slate formation, 
but on the extreme north-western edge are occurrences of 
quartz. These, or rather some of these, I find by prospect- 
ing carry a little gold at the outcrop, but not sufficient to 
warrant, in my opinion any investment of capital, to develop. 
But no work of any extent has ever been done. The quartz 
seams bear a strong resemblance to those around Waldo, 
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and are impregnated with crystals of iron pyrites, sometimes 
measuring nearly an inch across the faces. 

Graphitic slate.— There are indications of a deposit of 
graphite on Sec. J, T, 13 y R, 11 j on the Treadivay planta- 
tion. A ^Iiurt tunnel run into a bed of graphitic slate, 
highly ])yritoU'^5 several years since has exposed such a 
deposit. It i-^ possible that further work 'might result in 
exposing a de[v()sit of solid pyrite. 



Asssays by Dr, J. H. Pratt show the following results: 
1998 Riddle's near Waldo, $35.97 a ton gold; 83^cts. silver. 
1994 Woodwiird's $145.83 a ton gold; $1.58 silver. 
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MICA AND KAOLIN DEPOSITS— UPPER BELT. 

There are, as far as my observations have reached, asso- 
ciated with Alabama gold belts, four distinct belts of granite 
veins carrying mica, and feldspar. Their commercial value, 
and importance, are to-day, almost entirely speculative, be- 
cause of the limited extent of the mining operations, as well 
as crudeness of the actual work done in the past, and shallow 
depth attained in the workings. 

The feldspar is found, so far as present development shows, 
usually in a state of decomposition, or as kaolin. This re- 
sult of decomposition has been promoted by the action of 
the carbonic acid of rain and other waters, which removes 
the alkali; also by that of the organic acids which the de- 
composition of plants or animals contribute to such waters. 

While apparently several quite extensive beds of this 
kaolin exist at some points along the mica belts, yet at pres- 
ent the extent is unknown, because no systematic work cal- 
culated to determine such has been performed. 

On the Denman property, Sec, 21, T. 17, R, 10 E,, the 
indications are that a bed exists capable of producing a suiBi- 
cient quantity of high grade kaolin, to warrant the erection 
of a plant for the manufacture of fine porcelain, in the vicinity 
of Heflin in Cleburne county, on the line of the Georgia 
Pacific Railroad 8 miles distant from the mines. 

Several tests have been made of this kaolin as to grade;< 
and ware has been manufactured from it. This, I am re- 
liably informed, was pronounced equal to any ware manu- 
factured from the imported China clay. 

The only vicinity where feldspar, in crystals, sufficiently 
hard and pure to possess a commercial value, has been dis- 
covered, up to the present time, is in the neighborhood of 

Hissop P, 0. in Coosa county. — There a fine body of 
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considerable extent has been mined and some sample ship- 
ments, made to the Standard Coal and Coke Company of 
Brookwood, Ala. Such has been successfully used in the 
coal washers for bedding by that company, and will probably 
lead to the establishment of a new industry in the State, i.e. 
prospecting and mining feldspar. 

The mica bearing belts are apparently south- western ex- 
tensions of those of North Carolina and Georgia. Although 
their continuity can not be traced from the north-east by the 
surface indications, yet we find from the geological forma- 
tions, and geographical locations that this theory is tenable 
and warranted. 

The most northerly location of any mica of commercial 
value occurs on 

Sections 23 and 21, T. 17, R, 11 ^.— While the sur- 
face indications are very encouraging on these properties, 
yet but little work has been done in developing the discov- 
eries, and no estimate as to permanency or value can be 
made. 

To the south-east from these sections, and near the 
northern boundary line of Randolph county, occurs what 
I consider the mother ledge, so far as Mica and Kaolin 
are concerned. 

This belt attains its maximum width in Randolph 
county, in the vicinity of Pinetucky Gold Mines. In this 
vicinity the width is about five miles ; but to the north- 
east and south-west, while the continuity of the granite 
veins is maintained an undetermined distance, the width 
of the belt, so far as at present known, is much less. 

Surface indications of mica deposits, of commercial 
value, occur along the lines of strike of the Pinetucky 
granite veins both to the north-east and south-west, at 
several points. Especially so is this the case in Clay 
jcounty . But in no other portion of the crystalline region 
of the state have I found deposits, where the prospects 
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for obtaining mica of a commercial value, cover such 
an extensive superficial area as do these. 

The most extensive mining operations have been car- 
ried on at the properties of Miller, Sec. 1; Phillips y Sec. 1; 
and Merrill, Sec, 12, T. 18, R. 10 E. 

From all of these properties mica has been mined and 
shipped for use in stoves and furnaces. Samples have 
also been sent to the leading electrical companies for test 
as to quality for their use. Such have been pronounced 
by experts as being thoroughly well adapted for use for 
electrical purposes. 

Good surface indications and outcrop occur on the 
Ayres and Linville properties in Sec. 19, T. 18, R. 11 E.; 
also on the Messer land, Sec. 18, T. 18, R. 11 E.; Whitens, 
Sec. 6, T. 18, R. 11 E.; Crews' Sec. SO, T. 18, R. '11 E.; 
Lander's Sec. 22, T. 18, R. 10 E.; and on several other tracts 
of land in this same neighborhood, owned by the Birmingham 
Banking and Trust Company of Birmingham^, Ala. These 
last mentioned tracts form a portion of some 30,000 acres 
purchased a few years since by Dr. Caldwell and asso- 
ciates, when it was expected that a railroad would be 
built through this portion of Randolph county. 

Shallow prospecting pits have been sunk at several 
locations on all these tracts ; but the only deposit which 
has been sunk on below water level is on the Merrill 
property, adjoining the Pinetucky Gold Mining property . 
There water came in and interfered with the sinking of 
a shaft at 55 feet below the surface. Below this point 
the size of the mica crystals, and grade of the sheets 
after the crystals were split, were superior in a marked 
degree to that taken from nearer the surface. 

No mining calculated to show the extent or perma- 
nency of the veins in. which the mica is found has been 
done at any of the prospects. The only object apparently 
in view when work was in progress, being to take out 
all the mica in sight without any regard to future devel- 
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opment of the properties. Consequently the result ha.s 
been such as renders it absolutely impossible to estimate 
with any degree of reliability the extent, permanency or 
value from material in sight. There are in all probably 
30 veins which carry mica in crystals of suflScient size to 
warrant being prospected, occurring on the strip of which 
I have given the width as five miles. Many have not 
been prospected at all, and all of which have been pros- 
pected only carry mica in paying quantities in spots. 
Actual shipment^ have only been made from a very few 
mines, and such only in limited* quantities. 

To the south-west and across the Tallapoosa River on 
this belt there has been very little work done prospecting 
for mica, feldspar or kaolin. The surface indications at 
some points near the village of Delta show that good 
mica may possibly be found if prospected for. 

About five miles north-west of Lineville the outcrop- * 
pings show good indications of the occurrence of mica, 
but samples I have seen from the vicinity show too much 
iron stain to render the mica adaptable for electrical 
uses, and the work is too shallow to assist in determining 
its quality at depth. Some little work has also been 
done on Lundy Mountain, near Chandler *s Springs, and 
fairly good mica obtained. 

The third belt occurs on the extreme south-eastern 
border of the Mica-schist gold belt. In and around 
Rockdale, in Randolph county, considerable prospecting 
work has been done, but the work has been abandoned 
some years since, and I can obtain very little informa- 
tion regarding the results. The properties on which 
this work was done form a portion of the land owned by 
the Birmingham Banking and Trust Company, to which 
I have before referred. 

The fourth belt of mica deposits occurs paralleling the 
south-eastern edge of the Silver Hill Gold Belt, in Tal- 
lapoosa county. To this occurrence of mica I have already 
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referred in my report on the Silver Hill belt. It is im- 
possible to obtain reliable statistics as to the quantity of 
mica which has been mined in Alabama up to the present 
time ; but the extent of the work done at the mines is so 
limited that the output must necessarily be also limited . 
There are many pre-historic pits of considerable depth 
and extent found in the vicinity of some of the mica de- 
posits, where trees of large dimensions have grown on 
the old dumps, and in the bottoms of the pits. But 
when such work was done, or whether the incentive for 
the work was mining for mica or feldspar, cannot be 
ascertained to-day 
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A. A GENERAL ACCOUNT OP THE CHARAC- 

TER, DISTRIBUTION, AND STRUCTURE OF 

THE CRYSTALLINE ROCKS OF ALA- 

BAM A, AND OF THE MODE OF 

OCCURRENCE OF THE 

. GOLD ORES. 

BY 

EUGENE A. SMITH. 

The gold region of Alabama occupies a triangular area 
in the eastern part of the state, bounded by a line enter- 
ing the state from Georgia five or six miles south of the 
parallel of 34 deg., running thence south-westward to 
Jemison, in Chilton county, and from that point through 
Wetumpka to Columbus, Ga. In this area are included 
parts or all of the following counties : Cleburne, Clay, 
Talladega, Coosa, Chilton, Elmore, Tallapoosa, Macon, 
Lee, Chambers and Randolph, aggregating about 4,425 
square miles in area. It is the termination towards the 
southwest of what has been termed by Prof. G.F. Becker, 
of the U. S. Geological Survey,* the Georgia belt of the 
Southern Aj^palachian Gold Fields. 

The Rocks. 

These are practically all metamorphic rocks Tyhich, 
considered from the point of view of their origin, fall 
into two classes, viz., those derived from sedimentary or 
fragmental rocks, and those derived from igneous rocks. 
Until recently, all metamorphic rocks were considered 
as belonging to the first of these classes, the planes of 
schistosity passing for the bedding planes of the original 

*Beconnoissance of the Gold Fields of the Southern Appallachians, 
in the 16th Annual Report of the Director of the U. S. G. Survey. 
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sediments, but modern petrographers have shown that 
through the agency of crtist movements accompanying 
the upheaval of mountains, etc., the massive igneous 
rocks may be crushed and sheared in such a manner as 
to prcJduce in them planes of easy -cleavage or schistosity , 
in appearance similar to the bedding planes of the 
altered sedimentary rocks. By the same agency, planes 
of cleavage or schistosity may be developed in the sedi- 
mentary rocks also, and these secondary cleavage planes 
may or may not coincide with the original bedding 
planes. By the study of thin sections of rocks by means 
of the microscope, it is possible in many cases to deter- 
miine whether or not a given specimen is made up of 
water-worn or rounded fragments, i. e., whether or not 
it is of sedimentary origin. 

Jn other cases it may be impossible to determine even 
this much without closely examining a large number of 
hand specimens, or better still, extended observations in 
the field. It must be understood, therefore, that the as- 
signment here given of our metamorphic rocks to one or 
the other of the classes named, is not by any means to 
be considered as final, since they have as yet been com- 
paratively little investigated in the light of modern 
methods. 

Similarly as regards the age of these crystalline rocks, 
they cannot be brought into a single class, for the Talla- 
dega slates, being sedimentary, must rest upon still 
older rocks, whose debris has furnished the material out 
of which they have been built up, and in the gneisses 
and soqae of the hornblendic schists ye probably have 
the representatives of this older class. Again, the 
diorites, granites, and other intrusive rocks which fill 
the fissures in this older set, are of course more recent 
than the rocks which they traverse. The Talladega 
slates, in their turn, in places apparently enclose masses 
of intrusive granite, which by consequence would b© 
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younger than they are. So, taking the great country- 
forming series, the gneisses and the Talladega slates, 
we have the representatives of at least two distinct eras, 
and in the intrusive rocks possibly a third, although 
part of these may be contemporaneous with the Talla- 
dega series. < 

In the present state of our knowledge, the older 
gneisses must be classed with the Archsean, while the 
Talladega slates will probably be assigned to what the 
Geologists of the U. S. Survey have named the Algonkian. 
One can, however, hardly avoid the suspicion that some 
of these semi-crystallinp slates are no older than the 
Cambrian, although as yet the fossils have not been 
found to prove it. 

The bulk of the eruptive rocks also will probably have 
to be assigned to the Algonkian. 

1. ALTERED SEDIMENTARY ROCKS. 

Ocoee, or Talladega Slates and Conglomerate. 

Distribution, — As regards their surface distribution, 
the Ocoee or Talladega rocks are found in four or five 
roughly parallel belts, running with the general struc- 
ture of the country, i. e., north-east and south-west. 
The main belt is that which lies furthest to the north- 
west, and borders the Cambrian and Silurian strata of 
the Coosa Valley. This belt has a width of five to ten 
miles according to locality, and it appears as a range of 
mountains with some of the highest elevations in the 
state. The names Blue Mountain, Talladega Mountain, 
Rebecca Mountain, etc. , are applied to this range in dif- 
ferent parts of its course, Talladega Mountain being the 
most generally applicable name. This range entends 
through Cleburne, Talladega', Clay and Coosa, into Chil- 
ton county where it passes gradually below the sands 
and clays of the Tuscaloosa formation of the Cretaceous, 
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The Other areas of Talladega slates are found as narrow 
strips in the midst of the gneisses, much as though they 
had been accumulated in troughs of these rocks, yet 
other, and possibly more probable, explanations of their 
present attitude may be given. Two of these interior 
belts, as they may be termed, are wider and more per- 
sistent than the others, and of these, the one lying near- 
est to the main mountain belt, i. e., furthest northwest, 
is the more important. This belt extends through Coosa, 
Tallapoosa, Randolph and the lower part of Clay. It 
widens and ramifies towards the northeast in Randolph 
county, and it mfty be called the Goldville belt, since it 
includes Goldville, Hog Mountain and other localities 
formerly much worked for gold. 

The next belt may be followed from near Eclectic, in 
Elmore county, north-eastward through Tallapoosa into 
Randolph, and through it to the Georgia line; but in 
the eastern part of Randolph its limits are not so clearly 
defined as they are in the rest of its course. In this 
belt occurs the Silver Hill gold mining region which 
was formerly much worked, and we name it accordingly. 

There are in addition to these, two minor belts of al- 
tered sedimentary rocks, viz., one in Coosa county run- 
ning north-eastward nearly through Rock ford and merg- 
ing into the main mountain belt beyond Goodwater ; 
and one in Lee county, extending from Farrall's Mill 
by Wright's Mill to Chewacl'a and Springvilla lime 
works, beyond which it has not as yet been certainly 
identified. This will be mentioned again in connection 
with its most characteristic rocks, the crystalline dolo- 
mite. 

Rocks of the Talladega Series. — The most abundant of 

th,e rocks of this series is a smooth, nacreous, clay slate, 

or argillite, of ^brownish gray, to greenish colors, feebly 

crystalline, and in places very closely resembling some 

,of the variegated shales of the Montevallo series of the 
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Cambrian formation, and there are localities near the 
contact of tlie Cambrian with the Talladega, where the 
Cambrian shales^ being slightly altered, are almost iden- 
tical in appearance with some of the Talladega slates. 
Such partly altered shales of undoubted Cambrian age 
may be seen along the line of the L. & N. R. R. below 
South Calera, and in the vicinity of Clear Creek and 
Jemison ; ni the Kahatchee HilJs in Talladega county; 
and further north-east in Calhoun county near Davis- 
Tille ; and in Cloburne in many places near the line of 
contact. In the north-western belt of the Talladega 
slates there is another series of more highly siliceous 
rocks J viz, J qHartzites and quartzitic conglomerates, consti- 
tuting a very considerable part of the ijiountain ranges, 
interstratified with the greenish and grayish slates, and 
well exposed where Talladega Creek makes its way 
through the Talladega mountain, as well as in all the 
gaps and along the summits of these mountains. These 
strata J like the others, have generally a decided dip to 
the south-east J but along the summits they appear to be 
nearly horizontal, making occasionally broad flats which 
support a fine growth of grasses, and are admirable 
grazing places for sheep. One instance of this flat sum- 
mit is in the mountain which ends to the south-east in 
the Pulpit Rock, on the border of Clay and Calhoun. 

The quartzites and conglomerates like the slates above 
mentioned , resemble very strongly some of the strata of 
undoubted Cambrian age, and it is impossible to resist 
the conclusion that lome of the strata which we have 
included among the Talladega slates are nothing more 
than altered Cambrian shales, sandstones, and conglom- 
erates. As yet, however, it has not been possible 1k> dis^ 
cover any fossils in these altered rocks. 

In the Kahatchee Hills, and the other localities above 
named, the sandstones and conglomerates of the Weiener 
horizon are in appearance ahnost identical with some of 



THE ROCKS OF THE GOLD REGION. ' 113 

the conglomerates and quartzites of the Talladega series . 
In the other areas of Talladega slates lying further to 
the south-east, the strata are sometimes more decidedly 
altered than in the first belt, and are often much more 
decayed, holding numerous crystals of garnet and 
tourmaline. 

In the Turkey Heaven Mountain region in Cleburne, we 
find a very well defined variety of these, semi-crystalline 
schists consisting in the main of quartz but containing 
a large percentage of graphite and magnetite. These 
schists are of a ciark slate blue color, with glistening 
surface, sometimes smooth and rubbing off on the fin- 
gers, sometimes hard and sandy. Through the dark 
blue black mass of the slates pass thin sheets of white 
quartz, giving the appearance of some of the banded 
diorites.* 

Slates of this formation impregnated with graphite are 
common in many localities. Thus between Millerville 
and Elias, in Clay county, the soft slates are so highly 
impregnated with graphite as permit them to be used, 
in one locality near Millerville, for lubricating purposes. 
This belt is continued on towards Good water, where it 
is seen at several points in the railroad cuts. To the 
south-westward the same belt may be followed entirely 
through Coosa county, and another similar belt parallel 
with this passes through part of Coosa a short distance 
north of Rockford. 

In the Silver Hill region graphitic slates appear in 
great force, suggesting by their color the name of one oi 
the gold mines, Blue Hill. The graphite here opposes a 
very serious obstacle to the profitable working of the 
gold. 

Another well defined variety in the rocks of this form- 

♦Mr. Brooks has described one of the rocks of this kind , No. 2 of 
his article. 
8 
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ation is formed by the highly fissile blue black slates re- 
sembling roofing slates, which are generally met with 
along the eastern flank of the Talladega mountain range, 
a well known occurrence being near Chandlers springs . 

Limestones y or rather dolomites , have been observed in 
two positions only in these areas, viz : (1.) On the south- 
eastern flank of the main slate belt of the Talladega 
Mountain at two localities, viz., (a) near Elder P. 0. in 
the northern part of Clay county, where it is associated 
with the smooth greenish and gray slates above men- 
tioned, and (b) in Chilton county in the river bluff not 
far from the mouth of Yellow Leaf creek. In these lo- 
calities the dolomite is not much altered, but in the other 
belt (2), in Lee county, the dolomite is in part fully 
crystalline, white, and like the finest statuary marble, 
in part however, bluish and gray and less crystalline. 
These dolomites are closely associated with quartzites. 

Near Wright's Mill, four miles from Auburn in Lee 
county, is the southernmost outcrop of these dolomites, 
formerly extensively worked for lime burning at the old 
Echols and Reese quarries. The dolomites occupy a 
narrow valley about a quarter of a mile broad, with a 
ridge of slaty quartzites to the northwest, and with augen- 
gneiss both to north-west and south-east. 

At this place the rock is gray to blue in color, varying 
in composition from an almost pure dolomite to a rock 
containing a good deal of siliceous and micaceous mat- 
ters. Some miles to the north-east of Wright's Mill is 
the Lime Kiln of the Chewacla Lime Company, where 
the dolomite is taken from a large open pit or quarry. 
Here there is a very large proportion of the white fully 
crystalline rock, along with some that shows bluish and 
grayish colors, and is very slightly crystalline. The 
quarry is in an open field in which there are few, if any, 
outcrops of the country rock, and so it is impossible to 
give much information concerning the associations, al- 
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ibough, judging by what may be seen further towards 
the ,north-east at Springvilla and the new quarries, the 
same associations prevail as at Wright's Mill, viz., 
itacolumites or sl^^ty quartzites immediately adjacent to 
the dolomite, and augen-gneiss both to the north-west 
and to the south-west of the lime belt. Some details 
concerning the augen-gneiss will be found below in con- 
nection with what is said about the next series of rocks 
of this area. 

Structure and attitude of the Talladega slates . — As a rule 
these beds have a dip to the south-east, the exceptions 
to this being very few . 

In some parts of the Talladega Mountain range we 
find at the summit of the highest ridges, broad areas of 
Bearly horizontal beds of quartzite and conglomerate, 
and in general the strata of these summits are much less 
inqlined from the horizontal than they are on either 
flauk, and it becomes thus at times impossible to resist 
the cqnclusion that some of these ridges are anticlinal 
arches overturned towards the north-west, the flat rocks 
at the tops being the crowns of the arches. In the ridge 
of which the Pulpit Rock is a part, this structure is per- 
haps better shown than elsewhere. In the interior belts 
the dip is almost invariably to the south-east, Prof. 
Tuomey speaks of the dolomite at the Chewacla quarry 
being nearly horizontal in bedding, but I have been un- 
able to convince myself of this, as the rock is traversed 
by several joint planes making it very difficult to iden- 
tify the true bedding plane . And wherever the quartzites 
with which the dolomite is associated are clearly exposed 
as at Wright's Mill, and the New Quarry near Spring- 
villa, they are seen to stand nearly vertical, and it is 
probable that the dolomites also partake of this attitude . 

2. ALTERED ROCKS OP IGNEOUS AND UNDETERMINED 

ORIGIN . 

These, in the order of theirrelative abundance, include 
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the gneisses and the mica schists, to which are subordir 
nated the granites, diorites and various hornblendic, 
pyroxenic and chrystolitic rocks occurring as dikes, to- 
gether with the alteration products of the same, soap- 
stone, talco, serpentine, etc. 

These rocks represent more than one geological period, 
for those which occur as intrusions in the others, 
must necessarily be younger than the rocks which they 
traverse. We are not, however, yet in position to make 
definite classification as to age of these fully crystalline 
rocks, except in a few cases ; we shall therefore limit 
ourselves to general statements concerning them. 

1, The Gneisses, — These in structure vary from nearly 
naassive granitoid rocks to fine grained mica schists. In 
most cases which have come under my observation, the 
granite **flat rocks" show traces of cleavage planes 
nearly perpendicular. Along the borders of these granite- 
like masses, the schistosity increases and the granite 
grades into gneiss. The grading of gneiss into mica 
schist is generally effected ^as shown below through a 
series of alternations of the two rocks, each maintaining 
its own character. The cleavage planes of the gneisses 
and other schists coincide generally with the structure 
of the Appalachian region in this state, the strike being 
in general about north-east and south-west, with slight 
variations. The dip also is in the majority of cases to 
the south-east ; but there are exeeptions, as will be seen 
below. Thus north-west of the Silver Hill slate belt^ 
as above described, the dip of the strata is almost inva- 
riably to the south-east, while to the south-eastward of 
this belt the variations are more numerous. A. synclinal 
axis may be followed easily and almost continuously from 
the vicinity of Tallassee, in Elmore county, past Walnut 
Hill in Tallapoosa county, crossing the railroad between 
Dadeville and Camp Hill ;thence north-eastward, leaving 
Dudley ville to the west; past Thurman, crossing the 
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railroad a little south of Welch station, and then on to- 
wards the fieorgia line. An anticline may be traced ap- 
proximately parallel with the line of the Western Rail- 
road from Farrairs Mill, in S. 30, T. 18, R. 25, E., past 
Wright's Mill, Chewacla Lime Works, Springvalla and 
thence through S. 7, T. 20, R. 28, E., to the river near 
tjie upper factory below West Point. Hornblendic rocks 
prevail to the north-west and mica schists tq the south- 
cast of this anticlinal, and at many points the gradual 
passage from hornblendic gneisses to mica schists may 
be perceived. This gradation is usually effected by 
fljlternations of the hornblendic rocks with the mica 
schists in a narrow belt between the two well defined 
types, and may be observed in sections 6 and 7 of T. 20, 
it. 28 east, and also near the upper factory above men- 
tioned. Along the river road between West Point and 
Columbus, another synclinal may be observed, a little 
south of Osanippa (Berlin) , -and an anticlinal between 
MechanicSville and Wacoochee, or rather at the latter 
place. These have not been accurately located further 
to the west for the reason that the superficial sands, peb- 
bles and other materials of the Lafayette formation cover 
all the country in fchat direction, practically limiting ob- 
tervations of the underlying crystalline rocks to the 
drainage valleys, and to a very small part of them. 

While the gneisses vary in structure from the granite- 
like masses to the highly fissile mica schists, they vary 
on the^other hand in composition by th« accession of 
hornblende, through hornblendic gneisses, often with 
difficulty to be distinguished from diorites, to hornblende 
schists. It is certain that variations also occur in the 
prevalence in different areas, of different kinds of mica 
and different kinds of feldspar, but we have had as yet 
too little of accurate study of these rocks to put us in 
position to speak very definitely on these points, except 
where we have had the 'microscopic examinations made, 
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which are given in detail in another part of this report. 
Within the area of the hornblendic gneisses occur in 
places massive diorites, resembling granite in structure, 
and'like them of intrusive origin. Under the next head 
are given some details of the occurrences of these diorites. 

In surface distribution, the gneisses, including the 
hornblendic gneisses with which they so often alternate, 
occupy (1) a belt lying to the north-west of the Goldvilla 
belt of Talladega slates. This we may call the Alexander 
City gneiss belt, which is practically continuous from 
the Coosa River nearly to the Georgia line. It holds 
many areas of *'flat rocks'' or granites in Coosa county, 
but in Clay and Randolph counties these granites are 
generally in the form of isolated masses in the Talla- 
dega slates, usually, however, close to the borders of tho 
gneisses.* Towards the north-west the gneiss of this 
belt passes into a mica schist which very often continues 
up to the great mountain-forming belt of the Talladega 
slates, though this is not invariably the case, 'as for in- 
stance near Arbacoochee, in Cleburne county, where the 
gneiss lies next to the Talladega slates, or with only a 
narrow belt of the Hillabee or Millervillp green schists 
between. This gneiss belt does not appear to reach to 
the Georgia line ; or if it does, it is in much diminished 
volume, for beyond Arbacoochee, Hightower, etc., in 
Cleburne county, the Talladega slates are seen in direct 
north-eastward continuation of the gneisses. 

In this first or Alexander City gneiss belt, there are 
many occurrences of coarse pegmatitic granite in dikes 
or veins . These veins are the sources of mica and of 
kaolin, and are most numerous and promising perhaps 
in the vicinity of Micaville, Pinetucky and Milner, in 
Randolph county ; but at many points in Cleburne, Clay, 
Coosa and Chilton, along this belt, the mica has been 

*Some of these * 'granites" are merely massive forms of the gneiss, 
but in other cases they occur as "dikes/' 
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found in sheets of merchantable size, but in few, if any, 
of the localities of its occurrence has it been opened up 
ta sufficient depth to be beyond the influence of the 
weather. Mr. Brewer has given localities and some de- 
tails concerning these occurrences, and other details will 
be found in my report for 1874. In Randolph and also 
in Clay and Chilton, there are old pits where this mica 
has been worked in ancient times, for in these pits are 
now growing pine trees a foot or more in diameter. 
Near Hissop, in Coosa county,* and at several points to- 
wards the south-west as far as Speed, this pegmatite car- 
ries beryls of quality suitable for cutting. 

(^)The second gneiss-mica bchist belt separates the Gold- 
ville and Bllver Hill slate belts. In Coosa and Talla- 
poosa counties this belt is tolerably uniform in quality 
and width, but in Randolph it seems to divide, with 
Talladega slates between the division, and to break up 
into somewhat isolated areas in the midst of the Talla- 
dega slates. Three of these detached areas may be 
named, each containing some granite, i. e., one about 
Gay P. 0., another just south and south-west of We- 
dowee, and a third a little to the north and north-east of 
Wedowee, the three areas somewhat en echelon, 

(^)The third gneissbelt includes, with the exception of 
the dolomite belt, Chewacla-Springvilla, above defined, 
the rest of our crystalline. region' towards the south-east. 
In this third belt there are the ordinary gneisses and 
granites, especially near the north-west border of the 
belt, but horablendic gneisses and diorites prevail and give 
character to the topography, soils, etc. In this last sec- 
tion, so far as I am aware, there are no occurrences of 
gold, at least in notable quantity. 

To the south-west of the Montgomery- West Point 
Railroad, much of the gneiss assumes the character of 
augen-gneiss , in which certain of the constituents, gen- 
erally quartz or feldspar, appear in ''augen" or ''eyes,' 
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i. e., somewhat elliptical shaped masses from one inch in 
diameter down. Several descriptions are given of this 
rock, as well as of the more common varieties, in the 
notes of Dr. Clements and Mr. Brooks below. 

(^.) The Diorites. — After the gneisses and associated 
rocks, probably the most widely distributed of the rocks 
of this region are the diorites,- which, as above stated, 
are often very difficult to distinguish from some of the 
hornblendic gneisses. The diorites occur as intrusive 
masses, leften occupying long narrow strips in the direc- 
tion of the strike, but sometimes as rather isolated masses 
of limited extent in the midst of the gneisses. 

A belt of diorite (with hornblende schist in places) 
may be traced practically without interruption from near 
Verbena in Chilton county, through Coosa county past 
Hanover, Mount Olive and Pine Grove into Clay. 

Somewhat in continuation of this line, but occurring 
more in detached masses we find this rock again in the 
lower part of Clay, while from about Chandler's Springs 
through Fishhead Valley, past Riddle's Bridge and 
thence north-eastward towards Wood's Copper Mine in 
Cleburne, there is another rather continuous outcrop 
like that of Coosa county. 

To the south-eastward of the Silver Hill slate belt, 
hornblendic rocks are more generally present than in any 
other part of this section. Many of these are diorites, 
but the accurate mapping of these has not yet been at- 
tempted. The notes of Dr. Clements and Mr. Brooks 
describe a number of typical diorites from this area. 

{3.) The Hillabee, Iwana, or MillerviUe Green Schists, — 
Along the south-eastern border of the main mountain 
belt of Talladega slates, there is an almost continuous 
outcrop of a green schists which microscopic examina- 
tion discovers to be probably an altered eruptive rock. 
In the report of Mr. Brewer, which precedes, this is 
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spoken of as the Millerville, Iwana, or Hillabee schist, 
using the names of localities where it shows in typical 
form. It may be followed practically witliout interrup- 
tion, but with somewhat varying width of outcrop, from 
Chilton county through Coosa, wher6 it underlies a tol- 
erably wide expanse of country about Stewartsville and 
Iwana; thence through Clay, about Hollins, Pine Grove, 
Mountain Meadow, Brownsville, Millerville or HUlabee, 
Coleta, Chandler V Springs, Fishhead Valley; and on 
through Cleburne, by Chulafinnee, Arbacoochee, Anna 
Howe, etc. Beyond Chulafinnee the outcrop narrows 
down to a small strip. It is widest in Clay and Coosa 
where it underlies a sort of Flatwoods, as is the case 
near Chandler's Springs, Coleta, and Hollins, in Clay, 
and between Iwana and Stewartsville, in Coosa. In 
fresh condition these rocks are of light green color and 
are rather massive in structure, and very tough, but on 
weathering they turn into greenish yellow slates much 
stained with iron, and then bear a striking resemblance 
to some of the Talladega slates with which they are in 
immediate contact. The soil derived from the weather- 
ing of these schists is a yellowish or reddish clay with a 
notable proportion of lime, indicated by the character of 
the growth which contains a considerable admixture of 
haw, crab apple and similar lime-loving plants. The 
manner in which the soil compacts under the wheels of 
vehicles is also suggestive of lime. When partially de- 
cayed, these slates as above stated, have a strong resem- 
blance to sedimentary rocks, and especially to 'some of 
the feebly crystalline slates of the Talladega series. 
This resemblance is particularly strong in the case of 
some of the more siliceous varieties which imitate very 
closely some of the conglomerates and siliceous slates of 
the Talladega. In some of their outcrops they resemble 
impure slaty limestone, as is the case just below Coleta, 
in Clay county. In other places of their occurrence they 
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break up into long, slender and somewhat cylindrical 
fragments, exceedingly tough and resistant to weather- 
ing. The immediate vicinity of Chandler's Springs fur- 
nishes an illustration of this phase. The highly schis- 
tose and slaty varieties may be seen about Hillabee or 
Millerville, in Clay county, and particularly at Monroe's 
Mill close by. The varieties resembling siliceous con- 
glomerate abound along the road leading from Miller- 
ville towards Hatchet Creek postofRc^, and especially 
along the flanks of McGhee Mountain. In many places, 
•and particularly where these rocks make a moderately 
wide belt of country, they form **Flatwoods," with de- 
cidedly calcareous soil, supporting a growth of short leaf 
pine and black jack oaks, with many haws, persimmons, 
poplars, crab apples and sweet gums interspersed. Such 
Flatwoods may be seen about Chandler's Springs and 
between the Springs and Coleta, also for a long distance 
along " the road from Millerville westward tpwards 
Hatchet Creek, by Pine Grove and Hollins, and in great 
force near Iwana postoffice and on to Stewartsville. 
Below Stewartsville these flatwoods are succeeded by 
flat, long-leaf pine lands bearing some of the finest tim- 
ber to be seen in middle Alabama. The siliceous rocks 
of the Talladega slate formation underlie a great part if 
not all of these pine lands. 

In places the Hillabee schists hold a large percentage 
of pyrite in crystals disseminated through a siliceous 
rock. When the proportion of pyrite crystals is large it 
seems probable that the mineral might be concentrated 
without too much expense, so as to make it profitable to 
mine. In most of the cases which I have observed, the 
rock has a large percentage of quartz grains along with 
the pyrite. Attempts have been made at several points 
to mine this pyrite, especially in the vicinity of Hatchet 
Creek P. 0. in Clay county, where it is relatively abun- 
dant. A large quantity of it was thrown out of the old 
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McGhee copper mine many years ago. At C. C. Duke's 
in S. 17, T, 23, R. 17 in Coosa county, some work has 
been done towards exposing the vein or seam which 
bears the pyrite. 

Also in section 24, T. 19, R. 7 E., in Clay coujity, and 
at the old Montgomery Copper Mine cldse by, there is a 
very good show of pyrite. In S. 24 the seam is four to 
five feet in thickness, while at the Copper Mine it may 
be greater, for about the mouth of the old shaft there 
are masses of the pyrite of considerable size. It was 
impossible for me to see there any exposure of the vein 
or seam because of the falling in of the old works. In 
these cases, as in the lower part of Clay and in Coosa, 
the pyrites is mixed with quartz. grains. 

Microscopic examination of thin sections of these rocks 
shows that they are composed of actinolite, epidote, 
chlorite and zoisite in the main, with some quartz, and 
they have been named by Dr. Clements and Mr. Brooks 
Chlorite-epidote schists, Actinolite-epidote schists. Chlo- 
rite schists, etc., according to the prevailing ingredient.* 
In general, the alteration has gone on to such a degree 
that the determination of the original rock from which 
ihey have been derived is difficult, but all agree in think- 
ing that they are result of alteration of some basic erup- 
tive rock. For the present, , therefore, we have grouped 
them together under the name Hillabeey from the locality 
where they are exposed in typical fashion. Some of the . 
gold occurrences in the north-western belt seem to be 
closelj" connected with these rocks, as at Chulafinnee, 
Anna Howe, etc. 

(^.) Other Basic Rocks. — At many points within the 
gneiss belt occur dikes and isolated masses of pyroxenic, 
chrysolitic and other basic rocks. These are mostly so 
much altered at the surface as to make it often very dif- 

*See Nos. 38, 39, 40, 4 of Dr. Clements, and Nos. 4, 5, 6 and prob" 
ably 9 of Mr. Brooks. 
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ficult to determine what was the original rock, for at the 
outcrop they appear in the form of chlorite, steatite, ser- 
pentine, etc. These occurrences have not been mapped 
as yet, and I shall call attention only to some of the best 
known. .The notes of Dr. Clements and Mr. Brooks give 
many interesting details concerning them. In the 
great gneiss belt lying furthest to the north-west occur- 
rences of these rocks are to be seen at several points ; to 
the north of Goodwater; in a number of places near 
Flatrock post oiHSce, and in Fishhead Valley in Clay, 
In the next gneiss belt, these rocks occur at several 
places near the north-western border of the gneiss, e. g., 
at Robert Goodman's in S. 36, T. 22, R. 2, at Fosheeton 
and one or two points further north-east in the same line. 
Then along the north-western border of the Dadeville 
gneiss belt near its contact with the Silver Hill gold belt, 
e. g., in R. R. cut just below Dadeville ; on Sandy Creek 
south of Dadeville ; seven miles north of Dadeville, and 
thence in a north-easterly direction by Easton P.O. near 
Dudleyville ; on towards Bosworth, near Slay's Mill in 
Chambers county. This seems to be a rather connected 
line of these rocks. At two places there is associated 
with these rocks along with steatite, chlorite, asbestos, 
etc., a notable quantity of corundum, occurring in de- 
tached masses. These two localities are Robert Good- 
man's, below Alexander City, and the vicinity of Dud- 
leyville. # 

Near the Tallapoosa river, a few miles above Tallassee, 
there is a considerable mass of steatite which has been 
used by the Indian in the manufacture of pots and ves- 
sels of different sorts, the remains or fragments of which 
are abundant in the vicinity. Another similar locality 
is in section 35 or 26 of T. 20, R. 23, which may indeed 
be only another appearance of the same mass of rock. 
Here are also many fragments of the vessels formed from 
the soapstone. Of other soapstone localities I may men- 
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tion the vicinity of Oak Bowery, and S. 8, T. 21, R. 28 
in Chambers. In a number of places, in Chambers 
county particularly, there is a variety of actinoUte rock, 
often containing a good deal of steatite, and this is very 
generally known as soapstone. It has been quarried at 
a number of points and used for slabs over graves, for 
lining the Chewacla lime kilns, etc. One such locality 
is near Oak Bowery, on the place of Mr. W. P. Sprad- 
ling, S. 34, T. 21, R. 26. Another is west of Milltown, 
formerly worked by Mr. Jackson, another at Five Points, 
worked now by Mr. Jackson's sonl 

In the upper north-western part of the Crystalline 
Schista the occurrences of dikes of the basic rocks'are 
not so numerous, though not wanting, as has been shown 
above. Soapstone has been observed near Idaho Post- 
office, and at the Old Wood's Copper Mine in Cleburne; 
and at some other localities, and chlorite schists may be 
seen near Copper Mine P. O. in Clay, and in Fishhead 
Valley . The Hillabee Schists are generally considered 
as having been derived from some form or forms of basic 
igneous rock, not now determinable because of the alter- 
ations which they have undergone. 

Mode of Occurrence of the Gold. 
F'rom Mr. Brewer's report and from that of Dr. Phil- 
lips, it will be seen that a large proportion of the gold- 
bearing quartz veins are associated with the semi-cryfe- 
talline slates of the Talladega series, which are of sedi- 
mentary origin. These slates have in the past usually 
been referred to as talcose slates, and hydromica slates. 
Perhaps the term talcoid might be used with propriety, 
since they have the general look of talcose slates with, 
however, very little if any magnesia in their compositon. 
The gold of the Silver Hill belt, of the Goldville, Hog 
Mountain belt, of the Turkey Heaven Mountains, and 
of the Talladega Mountain belt occurs in slates of this 
kind. In many instances intrusive masses of granite or 
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of diorite appear in close proximity to the gold bearing 
slates. As an instance of this the Crooked Creek, Gold- 
berg region, may be cited. 

A second* mode of occurrence of the gold is in associa- 
tion with gneiss, hornblendic gneiss, and diorites, as 
illustrated in the belt including Pinetucky, Franklin 
Mines, etc. A third association is with the green schists 
of the Hillabee type, as at Arbacoochee, Anna Howe, 
etc. At Arbacoochee, the gold occurs at the junction of 
these green schists with gneiss, so that the association 
might be considered with either. - 

The gold bearing quartz veins are in the great majors 
ity of cases what have usually been termed bedded veins 
or veins of segregation. They are so termed in the re- 
port of Mr. Brewer. Prof. G. F. Becker, of the U. S, 
Geological Survey, has recently made an examination of 
the gold fields of the Southern Appalachian as far south 
as Georgia, and while his examinations did not extend 
actually into Alabama, his descriptions apply with almost 
equal force to the Alabama fields. In the other states to 
the north-west of us, however, there seems to be a. much 
larger proportion of the gold associated with the igneous 
Tocks or with the schists derived from therfl than is the 
case in Alabama. 

Since the report of Mr. Becker upon the Gold Fields 
of the Southern Appalachians* embodies modern views 
upon the structure of the rocks, the character of the 
veins, etc., I have thought it desirable to give below an 
abstract of some of his conclusions, which appear to me 
to be possibly applicable to our Alabama measures. 

Structure of the Associated Rocks, 
In Alabama, a^ well as in the south-eastern states, the 

♦Sixteenth Annual Report of the Director of the TJ. S. Geological 
Survey. 
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structure of almost the entire mass of the older rocks is 
schistose, the strike of the planes of cleavage being gen- 
erally that of the Appalachian range, or N. 30 deg. to 
50 deg. E. Where sedimentary strata occur ihey too 
strike in approximately this direction, in consequence of 
the folding which has built up the range ; and as a con- 
sequence of this fact, the cleavage of the schists has vei*y 
often been mistaken for bedding. The dip of these 
schists is generally towards the south-east, though occa- 
sionally, north-west, as well as other abnormal dips, oc- 
cur. These remarks apply to the more prominent sur- 
faces of schistose cleavage, but observation will generally 
show that there are schistose partings at a large angle 
to the most pronounced one, and when the two are about 
equally developed, their intersection being nearly horizon- 
tal, the strikes of each are approximately the same. Occa- 
sionally there are other schistose cleavages striking 
nearly at right angles with the predominant cleavage , 
but these play a comparatively unimportant part. Ac- 
cording to modern views, massive igneous rocks such as 
granite, as well as scraoified rocks, are converted into 
schists by the development of planes of cleavage by 
shearing, i. e.,'^by the sliding of each of the parallel 
infinitely thin lamellae, of which the rock may be con- 
sidered to be made up, upon that next below it, in the 
same direction and by the same infinitesimal amount,*' 
the movement being distributed over an infinite number 
of surfaces and not reaching the rupturing strain on 
any one. If the rock is not very uniform in composi- 
tion, some portions of it may acquire the schistose struc- 
ture before others, and* the resulting schist will show 
bands or sheets in whixjli different degrees of schistosity 
will be exhibited. If the deforming movement be car- 
ried far enough, fissures will be opened in part of the 
schist and carunculated surfaces or puckered surfaces 
will result, whilst other portions of the schist will have 
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merely flat cleavage surfaces. It is. in such unevenly 
deformed rocks that fissures have opened most widely 
and veins are most abundant and widest. '*Carunculated 
surfaces are therefore properly regarded as favorable 
indications by the miners.'' 

Prof* Becker finds proof that the opening of the fissures 
now filled with ore took place later than the movements 
wbicli rendered the country schistose, in the fact, among 
other things J th&t angular fragments of schist are often 
enclosed in the quartz ; on the other hand the connection 
of the ore deposits with dikes does not appear to be 
very close, but coeval on structural grounds, since neither 
the ore deposits nor the dikes have been greatly disturbed 
since their formation. The observations of Prof. Becker 
show that in the great majority of cases the fissures fol- 
low the schifitose partings somewhat closely though not 
aCGuratelVj showing a certain degree of correspondence 
between the producing forces of two. Nevertheless the 
movements were not in general identical in direction. 
This is shown first in the existence of veins and fissures 
at various angles to the schistose surfaces, and secondly, 
in the circumstance that some of the markings produced 
in the dislocations accompanying the opening of the 
fissures, do not coincide in direction with the motion 
which produced tlie schistosity. Again, where the rocks 
are schistose and the main ore bodies are intercalated, 
stringers almost always cut into the walls. From the 
relation of these stringers to the planes of cleavage of 
the schists it is inferred with a reasonable degree of cer- 
tainty that the opening of the fissures has been accom- 
plished by normal faulting, Vhile the cleavage of the 
schists has been the result of overthru$t or reverse faulting; 
in other words, the movements producing the schistosity 
and those producing the fissures have been in opposite 
direction though approximately along the same planee 
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The Veins. 

As has already been said, the ore deposits of Alabama 
show approximate conformity with the structure of the 
wall rocks, and for this reason have often been described 
as bedded veins, and veins of segregation. 

As shown by Prof. Becker, the structure with which 
the deposits are approximately conformable is not strati- 
fication, but schistose cleavage, which he also shows to 
have been produced prior to the movements which opened 
the fissures, and further, the pressures which opened 
the vein fissures did not in general coincide in direction 
with those which had previously produced schistosity. 
The result of the dislocation was to produce lens-like 
openings along the main cleavage of the rocks, which 
were subsequently filled with quartz, forming what he 
terms lenticular stringers. These stringers are often 
discontinuous, one dwindling away or disappearing 
while its place is taken by another in the foot or hang- 
ing wall. In many instances diagonal seams may be 
seen to connect such imbricating stringers, and where 
the connection cannot actually be seen it is nevertheless 
inferred to exist, and the conclusion is reached that all 
the stringers were once united by cracks sufiiciently 
large to permit the passage of solutions . Such connected 
groups of veins have been termed by Prof. Becker 
''linked veins," and the association of small fissures, 
each bearing a lenticular mass of quartz, he calls a 
stringer lead. 

While the greater part of our Alabama Gold deposits 
correspond to the stringer lead type, yet there are nu- 
merous small cross fissures. Instances of this are given 
by Mr. Brewer, for example in describing the occur- 
rences about Goldberg, on Crooked Greek. From what 
has been said, it will be seen that the stringer leads, 
while coinciding in general with the schistose structure 
9 
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of the CO an try, do not coincide with it in detail, and that 
they are of the nature of true veins, i. e., filling of pre- 
existing cavities. Instances are also numerous where 
the veins are attended by impregnations of the country 
rock to such a degree that it is mined and milled along 
with the material of the veins themselves. 

As stated above, the connection of the ore deposits in 
Alabama with the dikes cannot be clearly made out, nor 
can it be said that a satisfactory explanation of the origin 
of the gold has been reached. 

The Placers, 

The loose materials carrying the gold in the Southern 
Appalachians is, according to Prof. Becker, of two kinds, 
viz., the ordinary stream gravels, and the. accumulations 
of rotten rock in place. To this latter, he proposes to 
give the name of saprolite, as a general term for thor- 
oughly decomposed, earthy, but un transported rock. 
The celebrated Arbacoochee placers illustrate this term 
very perfectly, 

Mr. Brewer's report above gives full details of the 
placers which have been worked in Alabama, and noth- 
ing further concerning them seems called for here. 
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B. NOTES ON THE MICROSCOPIC CHARACTERS 

OF THE ALABAMA CRYSTALLINE OR 

METAMORPHIC ROCKS. 



1. Notes by Dr. G, W. Hawes. 

The first attempt to study the rocks of Alabama by 
means of the microscope was made by Prof. Geo. W,* 
Hawes, then of New Haven, Conn., who prepared and 
described for the geological survey about 25 thin sections 
of crystalline rocks, sent to him by myself in 1875. I 
give below a list of the indentifications made by him. 

No. 1. Hornblendic mica-schist, Columbus, Ga. 
(Quartz, orthoclase, hornblende, and biotite.) 

No. 2. Graphitic mica-schist, Coosa county. (Quartz, 
muscovite, and graphite.) 

No. 3. Garnetiferous mica-schist, Randolph county. 
(Quartz, muscovite, biotite, apatite, garnet.) 

No. 11. Epidote schist. Clay county. (Epidote,mica, 
quartz, hornblende.) 

No. 13. Hornblende schist, Chilton county. (Horn- 
blende, quartz, orthoclase, oligoclase, ilmenite.) 

No, 15. Hornblendyte, Tallapoosa county. (Horn- 
blende, oligoclase, quartz.) 

No. 17. Andalusite in hornblendite. Clay county. 

No. 17a. Epidosite, Clay county. (Epidote, cyanite, 
Btaurolite.) 

No. 18. Hornblendyte, Dudleyville, Tallapoosa coun- 
ty. (Hornblende, chlorite, epidote.) 

No. 19. Graphitic quartzite, Coosa county. (Quartz, 
graphite.) 

No. 20. Diorite, Chilton county. (Hornblende, la- 
bradorite, titanic, iron, pyrite.) 
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No. 21. Dolerite, near Auburn, Lee county. (Pyrox- 
ene, labradorite, magnetite.) 

No. 22. Ossipyte, near Ragan's Mill, Notasulga, Lee 
county. (Labradorite, chrysolite, hypersthene, titanic 
iron.) 

No. 23. Dolerite, Oak Bowery, Chambers county. 
(Pyroxene, labradorite, magnetite.) 

No. 24. Granulite, Coosa county. (Quartz, feldspar, 
garnet, epidote.) 

No. 25. Hornblendite, Wood's Copper Mine, Cle- 
burne county. (Hornblende, quartz, feldspar.) 



During the winter of 1892, Dr. J. Morgan Clements, 
at that time assistant geologist of the Alabama Survey, 
made a trip through the territory of our crystalline rocks 
with the purpose of collecting for microscopic examina- 
tion typical specimens of the rock varieties most common 
in that section. The results of his work are given 
below. Other specimens collected by me were sent to 
him for identification and study later, in 1894 and 1895, 
and his report on these follows the article just referred 
to. 

During the summer of 1895, at the request of Mr. C, 
W. Hayes, of the U. S. Geological Survey, I made a 
small collection of the crystalline rocks which have been 
examined by Mr. Alfred Brooks, of the U. S. Geological 
Survey, whose report appears below. Besides these ex- 
aminations, Mr. Harry D. Campbell, of Lexington, Va., 
and Prof. Van Hise, of Madison, Wis., were kind enough 
to identify for me a number of crystalline rocks, about 
which there was uncertainty as regarded their origin. 

It is the intention to continue these studies of our 
crystalline rocks, and to publish the result from time to 
time. 

To the notes of Dr. Clements and Mr. Brooks I have 
added in foot notes such comments as to the associations 
and distribution of the several varieties described, as 
have seemed desirable. 
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2. NOTES ON THE MICROSCOPICAL CHARACTER 

OF CERTAIN ROCKS FROM NORTH-EAST 

ALABAMA. 



BY 

J. Morgan Clements. 



Madison, Wis., Dec. 18, 1895, 

Ih. E. A. Smithy 

State Geologist, Tuscaloosa , Ala. 

Dear Sir : — I send you herewith a brief description of 
the rocks collected by me during the ten days spent in 
December, 1892, in the crystalline area of Alabama. 

Immediately upon returning from the reconnoissance 
chips were sent away to be sectioned , but owing to un- 
avoidable delays the sections were not received until 
nearly six months thereafter. My acceptance of a posi- 
tion elsewhere and entrance upon my new duties almost 
immediately prevented my completing the work begun 
on the Alabama Survey. 

It has been a source of much regret that other duties 
have prevented me from sending you ere this the descrip- 
tion of the rocks which through your kindness I was en- 
abled to collect. 

Very respectfully, 

J. Morgan Clements. 



^v«:-i«ff-'. 
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INTRODUCTION. 

The rocks examined were collected by me for the Ala- 
bama State Survey during ten days spent on a recon- 
noissanoe trip in the norch-eastern part of the State. It 
was primarily my object to visit and collect specimens 
for study from certain igneous rocks observed by Tuomey* 
E. A, Smith,! and C. H. Hitchcock,! and in general to 
collect specimen$ of the various crystalline rocks met 
with, in order that, from a study of the sections, I would 
be better prepared to undertake the mapping of the area 
which was contemplated as the work for the following 
season. The following is really a brief account of the 
journey, embodying all observations made, with the ad- 
dition, however, of the notes on the microscopical char- 
acters of the rocks collected. 

At the end, under the head of conclusions, I have ar- 
ranged the rocks according to their probable origin, 
since, in view of the investigation now in progress in the 
crystalline area, the origin of its rocks is of great import- 
ance as indicating the relations to the overlying sedi- 
mentaries. It is this line of microscopical inquiry in 
conjunction with stratigraphical work which will prob- 
ably be most fruitful in determining whether or not there, 
is an Algonkian series of sediments — more or less me- 
tamorphosed — present in Alabama, or whether all the 

♦Second Biennial report of the State Geologist of Alabama, pp. 51, 
61, 63, 1858. 

tObservations of Profs. Smith and Hitchcock may be found in their 
manuscript notes. 

t4 hand specimen of the rock mentioned by Prof. Tuomey on p. 51 
of his second report, was found in the University collection with his 
label attached. This was submitted to Prof. Hawes, and by him de- 
scribed as Ossipyte : see his No. 22 above. Neither Prof. Hitchcock, 
Dr. Clements nor myself has succeeded in finding this rock in place. 

E. A. S. 
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crystalline rocks are to be grouped with the Archaean. 

Many of the rocks have been aflfected to a considerable 
depth by the atmospheric agencies. Frequently they 
will retain their structure quite perfectly, but when one 
attempts to collect a specimen the mass crumbles in the 
grasp. When the rocks have been subjected to active 
erosion and this thick weathered portion has been re- 
moved they will be found to be covered only by a thin 
altered layer and to compare in freshness with similar 
rocks from other regions. 

An attempt was made to locate all ledges from which 
specimens was taken, by the sections, townships and 
ranges, but this proved a failure. In most cases the 
farmers do not know, or at least were very uncertain as 
to the section and portion of the section in which they 
were located. 

Notasulga to Ragan's Mill . 

Notasulga, where the first stop was made, is built on 
the light colored sand and gravel of the Lafayette forma- 
tion, which covers the most of the Coastal Plain of the 
Southern States. For a mile north of this point the road 
to Ragan's Mill, Sec. 32, T. 19 N. Range 24 E., passes 
over this light colored soil. The change is then noticed 
to the red clayey soil of the crystalline schist area. 
About i mile before reaching the mill , we pass over very 
rotten mica schist striking N. E. and S. W. and dipping 
about 45 deg. N. W. Just before reaching the old mill- 
race, rotten mica schists outcrop again, and have inter- 
bedded with them a bed of quite fresh dark green, rather 
coarse grained schist, Sp. 1, 8 inches thick, striking N. 
E. S. W. and dipping to the N. W. 

Sp. 1. Amphibolite. — The hand-specimen shows a Vein 
of quartz which is parallel to the schistosity. Under the 
microscope the rock is seen to be composed of common 
green hornblende • in interlocking prisms, with a very 
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small amount of quartz, in grains, associated with it. 
The hornblende shows marked pleochroism., with the 
usual absorption, a. yellow, 6. yellowish green, cv bluish 
green, where c>h>a. It includes only a few round bjebs 
of quartz. The prisms of hornblende lie with their 
longer axes in the same general direction , giving a marked 
schistosity to the rock. There is nothing which gives 
any clue at all to the origin of the rock. 

Several bands o( garnetiferous mica-schist are exposed 
in the banks of the mill-race. The bands strike S. E.-N. 
W. and dip to the N. W. Numerous small pegmatitic 
dikes were seen cutting these schists and intersecting 
each other. One dike of granite, li feet wide, has forced 
its way in between the strata. Immediately under the 
bridge the strata are contorted at a point where this 
granite intrusion shows marked increase in thickness. 

Across the race, in the stable yard of Mr. Jones, the 
schists have a strike N. E.-S. W., with a dip to the N. W., 
the amount, however, not being determinable, as it was 
only a surface outcrop. These schists form the knoll 
upon which the house is built. The schists are here cut 
by a granite dike, Sp. 32. The rock is light, nearly 
white, and quite fine grained. 

Sp. 2. Biotiie Granite, — The microscppe shows a rock 
with typical granitic structure and consisting of quartz, 
microcline and an unstriated feldspar which is presumed 
to be orthoclase, plagioclase, and biotite as essential con- 
stituents, with apatite, garnet, zircon, and rutile present 
as accessory minerals. As secondary minerals we find 
epidote and muscovite. The quartz is the ordinary 
granitic kind , containing both gas and fluid inclusion , 
the latter frequently with a dancing bubble. Long 
needles of rutile are rather common in it and zircon is 
also found enclosed by it. Microcline, which forms the 
greater part of the rock , is also present in xenomorphic 
grains and encloses blebs of quartz. It shows the char- 
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acteristic cross-hatched structure and commonly contains 
the spindle-shaped microperthitic intergrowths of a tri- 
clinic feldspar. Very little orthoclase is present in un- 
striated grains. Its place seems to have been taken by 
the microcline. The orthoclase encloses rutile and apatite, 
Plagioclase is also rather rare in partly automorphic 
crystals polysynthetically twinned according to the albite 
law. Biotite is found in fairly well developed crystals 
whose contours are, however, at times indented by the 
other minerals, and whose edges are in places quite 
ragged. The pleochroism is strong, sections cut parallel , 
to the c axis varying from brownish yellow to dark, al- 
most opaque brown. It is beginning to alter on the 
edges to muscovite. No magnetite was observed in this 
section. Apatite is in small crystals and is not common. 
Zircon is rather rare. Rutile occurs in fine needles in 
the quartz and orthoclase. A light pink garnet without 
crystal faces was also found in the section. A few gar- 
nets are also to be seen macroscopically in the hand 
specimen. Slightly pleochroic epidote was observed iu 
imperfectly automorphic crystals, usually associated with 
biotite. All of the minerals are quite fresh, no traces of 
alteration being observed except in the biotite, which 
alters to muscovite, and a cloudiness along the edges of 
the feldspar grains and in cracks traversing them. The 
order of crystallization is first the accessory minerals, , 
then biotite, plagioclase, microcline, and quartz. The 
granite shows evidences of dynamic action to a slight 
degree in the undulatory extinction observed in certain 
of the quartz grains and in the bending of the twinning 
lamellae in some of the feldspars. 

Beyond Mr. Jones' house, just before crossing the 
Sougahatchee Creek, we pass an exposure of rotten mi- 
caceous schist with the usual N. E. and S. W. strike and 
N. W. dip. A somewhat schistose granite rock, Sp. 3 
and 4, is seen to form the hill across the creek. 
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Sp. 3. Biotite Granite. — This is macroscopically a light 
colored, slightly greyish, medium grained rock, showing 
a banding caused by alternating layers of rock material 
which are richer and poorer in dark mica. 

Under the microscope the rock is seen to be composed 
of essentially the same minerals as the granite, Sp. 2 
above described. Moreover the structure is the same 
except that a scarcely noticeable parallel arrangement of 
the mica plates exists, and a general agreement in the 
long extension of the grains of feldspar and quartz can 
be seen. In Sp. 3 the mica, which ig the same dark 
brown biotite found in the granite, is in parallel inter- 
growth in places with a light colored mica muscovite, 
with strong absorption of the rays vibrating parallel to 
the cleavage. Neither the » accessory rutile needles nor 
the garnet or epidote is present in the section. The 
feldspar begins to show alteration, with accompanying 
production of nduscovite. The specimen also shows slight 
pressure phenomena. 

Sp. 4. Biotite Granite. — This was collected by Prof. 
Hitchcock from the same locality, and is identical in 
every respect with Sp. 3. 

I have called this rock a granite in spite of its slightly 
banded character. It might perhaps be more correctly 
called a gneissoid granite, for the succession of crystalliz- 
ation of these minerals and the microscopical character 
show it to be an eruptive rock. The question then arises 
as to the origin of the laminated structure in it which 
causes it to simulate a gneiss. The structure is original, 
for the dynamic action which the rock has undergone is 
very slight, as shown by the lack of a well developed 
cataclase structure. It seems reasonable to explain the 
lamination as the result of differential movement in the 
original rock magma. The great resemblance between 
Sp. 3 and 4 and Sp. 2 and their close proximity to each 
other leads me to suppose, although no connection be- 
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tween them was observed, that they are portions of the 
same rock mass. Upon closer study of the occurrence it 
will probably be found that the mass from which Sp. 3 
and 4 were taken is either a great dike, or else a laccoli- 
tic mass from which the smaller dikes cutting the schist, 
such as the one from which Sp. 2 came, were sent out. 

According to Tuomey there occurs at Ragan's Mill a 
dike of gabbro. (2nd Biennial Rep. State Geologist of 
Ala., 1858, p. 51) . This dike was sought for by Hitch- 
cock, but like myself he failed to find it. Hitchcock 
found, however; near the grist mill what he describes as 
a very modern looking basaltic rock. (Manuscript notes) . 
At first sight the rock collected by Hitchcock also im- 
pressed me as resembling very closely certain young vol- 
canic rocks. As it would be exceedingly interesting if 
such a rock could be found in situ occurring in the Ap- 
palachians, an especial search was instituted for it near 
the pite of the mill, for the mill itself no longer exists, 
but failed to bring it to light. Under the microscope 
the rock is seen to be a basalt of exactly the same type 
as that quarried at Niedermendig, Rhenish Prussia, and 
exported extensively for use in America and elsewhere 
for millstones, and this was the rock to which it was re- 
ferred when first seen. Without being able to state 
positively, it seems to me that the specimens collected 
by Prof. Hitchcock owe their origin to such an im- 
ported millstone, it probably having been broken up into 
fragments, so that he was not able to observe traces of 
workmanship upon it.* 

The following is a brief description of the rock collected 
by Hitchcock : 

Sp. 5. Leucite Tephrite. — This is a fine grained gray 
vesicular rock. Under the microscope its constituent 

*In the summer of 1895. 1 coUected specimens of this rock from the 
old mill race, and obtained positive proof that it formed part of a 
millstone imported many years ago by Mr. Ragan. Dr. Clements' 
conjecture as to its origin is thus verified. E. A. S. 
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minerals are seen to be augite, olivine (?), biotite, leu- 
cite, apatite, and magnetite. Augite occurs in porphy- 
ritic minerals and also in very small grains in the ground- 
mass, that is in two generations. In color it is yellow, 
with a very faint pleochroism. At times it is zonally 
arranged, with a green pleochroic aegirine-like pyroxene 
at the center and around it a zone of ordinary augite. It 
shows the ordinary characters, so frequently described, 
of basaltic augite. Biotite was present also in porphy- 
ritic crystals. Its former presence is determined by its 
form. Certain paramorphs after it, which retain the 
biotite form , now are made up of grains of augite and 
magnetite, the biotite substance having been completely 
resorbed by the magma. The augite and biotite crystals 
lie in a fine grained groundmass which consists chiefly 
of small augite crystals and magnetite, withleucite and 
plagioclase as feldspathic elements. The leucite shows 
no optical anomalies in the small crystals here present, 
but is isotropic. Its outline is marked by the charac- 
teristic zonal inclusions of augite, magnetite, and brown- 
ish glass. The plagioclase is in small polysynfchetically 
twinned lath-shaped crystals. The magnetite forms well 
developed crystals of small size. Apatite is present in 
needles, and in one case a fairly large crystal which was 
quite full of black interpositions. Numerous grains in 
the groundmass which are colored yellowish brown by 
iron hydroxide may be slightly altered olivine, but I 
could not be sure that they were. Nepheline was sought 
for in the groundmass but was not found with the micro- 
scope, and no microchemical tests were made to prove 
its presence. Glass was likewise nob found, although it 
is probably present as colorless films between elements 
formitig the groundmass. 

Notasulga to Wood^s Mill. 
A short visit was made- to a small quarry to the north. 
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west of Notasalga, which can be found on the right-hand 
side of the road about 350 paces in the woods, f mile be- 
fore reaching Wood's mill. The quarry is abandoned 
and pretty nearly full of water. 

Sp. 6. Biotite Granite, — Microscopically the rock is 
medium grained, gray, and does not show in the hand 
specimen a gneissoid structure. This is only seen in the 
rock en masse in the quarry, the Jbanding striking N. E. 
S. W. and dipping 5 d«g. S. W. There is a parting 
which runs parallel with the bands and separates the 
rock into massive layers. This parting greatly facilitates 
quarrying. 

Under the microscope it is found to be composed of 
quartz, microcline, orthoclase, plagioclase, biotite, mus- 
covite, and very little magnetite. Apatite and zircon are 
present as accessory minerals. These minerals all pos- 
sess the usual characters as described above. The mica 
is the ordinary brown biotite, showing the absorption, 
and also muscovite. This latter is frequently seen in 
parallel intergrowth with the biotite. There is an easily 
recognizable absorption in it of the rays vibrating par- 
allel to the cleavage, giving it a faint greenish tinge. 
Some of the minerals show traces of beginning altera- 
tion. In the feldspar this slight cloudiness is the be- 
ginning of kaolinization. Some calcite, probably infil- 
trated, was also observed in the section. Undulatory 
extinction was rare. The rock bears great resemblance 
microscopically to Sp. 3 and 4 from Ragan's Mill, and 
it is highly probable that it belongs to the same rock 
mass.* 

Auburn to Mr, Drake^s. 

One mile north-west of Auburn, in Sec. 19, T. 19 N., 

*To this same rock mess belongs also very probably, the granite 
described by Mr. Brooks below from 3 miles west of Loachapoka. 

E. A. S. 
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B,. 26 E., near Mr, Drake's farm, a quarry in gneiss was 
visited. The schistosity strikes north-east and south- 
west and dips 20 deg. south-east. 

Sp. 7. Biotite Qneiss, — A fine grained dark gray schis- 
tose rock very rich in biotite. The microscope shows 
quartz, plagioclase, orthoclase, biotite, muscovite, and 
magnetite to- be the chief constituents. ^ As accessory 
minerals garnet, zircon and thulite were observeds The 
minerals quartz, feldspar and mica are in grains and 
ragged fragments, and consequently show no well defined 
order of crystallization. The mica lies between other 
minerals with well marked parallelism of the long exten- 
sion of its plates, and gives the rock its schistose struc- 
ture. Zircon is included in the biotite, and the biotite 
immediately surrounding it has a very much stronger 
absorption than elsewhere. A few small crystals of 
rose-colored manganiferous zoisite — thulite-— were found. 
One was seen included in biotite, and like the zircon 
•surrounded by a pleochroic court. The remaining min- 
erals present their ordinary characters. The rock is 
quite fresh, slight kaolinization of the feldspar being the 
only alternation which is shown. It has, however, un- 
dergone considerable crushing, to judge from the bend- 
ing of the mica and undulatory extinction in the miner- 
als. This has even gone far enough to produce an im- 
perfect catacl'istic structure. Nothing could be seen in- 
dicating the mode of origin of the gneiss, though the 
crushing might lead one to suppose that it was a meta- 
morphosed eruptive, perhaps originally a biotite granite. 

Auburn to Wright's Mill. 

A search was made along the road running towards 
Wright's Mill, south-east of Auburn, for a dike of diabase 
observed by Dr. Smith, and found about three miles from 

10 
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the town . I was unable to find the dike and get its re- 
lation. The following is a description of the hand speci- 
men collected by Dr. Smith :* 

Sp. 8. Diabase. — A medium grained dark gray rock, 
showing macroscopically the arrangement of the feldspar 
laths. It alters to a light brown product which covers 
part of the specimen with a thin crust. The rock is a 
typical diabase, with a beautifully developed ophitic 
structure. It is composed of plagioclase, quartz, augite, 
some greenish brown mica, and titaniferous magnetite. 
The plagioclase is in automorphic lath-shaped crystals 
and predominates in the sectioYi . The angular inter- 
spaces between these crystals are filled with the augite, 
magnetite, and ilmenite. The feldspar is quite fresh, 
and is twinned both according to the albite and carlsbad 
laws. Measurements of the extinction angles against 
the twinning planes gave angles varying from 25 deg. to 
36 deg., showing it to be a variety of labradorite. Tho 
augite, twinned according to the usual law, is found in 
xenomorphic crystals between the feldspars. It is light 
yellowish in color and quite fresh . At times a begin- 
ning alteration to a greenish chloritic substance is seen 
around the edges. A small amount of diallagic augite 
in small grains has in some cases been almost entirely 
changed to this substance. The greenish alteration - 
product has a very finely fibrous structure, and seems to 
be due to a process of serpentinization rather than to 
uralitization. This also fills some of the angular spaces 
in the rock, and may indicate total alteration at such 
places of the originally present augite. No olivine is 
present. Only a small amount of quartz was observed, 
and it was in micropegmatitic intergrowth with the feld- 

*This is the same rock as that identified by Dr. Hawes as Dolerite, 
No. 21 above. At present the name dolerite is applied to the more 
recent and diabase to the older eruptives of similar composition. 

E. A. S. 
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spar, this forming the last product of the crystallization. 
It fills in a few of the angular interspaces. There is not 
enough present to cause the rock to be called a quartz 
diabase. Considerable leucoxene, the alteration product 
of ilmenite was observed around the iron ore. Some 
secondary crystals of iron pyrites were also found. 

About half way between Auburn and Wriglit's Mill 
we cross an outcrop on the top of a hill of quartz-schist. 

Sp. 9. Quartz-schist, — A white, very fine grained rock, 
almost novaculitic in texture. It weathers slightly and 
the weathered surface is tinged red. The schistosity of 
the rock is marked by the presence of plates of muscovite 
lying parallel to each other. Under the microscope the 
Toek is seen to be composed chiefly of interlocking grains 
of quartz. Feldspar, in similar grains which show up 
best when altered, and muscovite in parallel leaves are 
common. A few rutile needles, zircon crystals, and 
some iron pyrites are the only other minerals present. 

Just before reaching Wright's Mill we passman outcrop, 
striking north-east and south-west across the road, of 
augen gneiss, Sp. 10, which, when very much altered, 
looks like talcose mica-schist, Sp. 11. The same rock 
outcrops at the mill in the bed and banks of Chewacla 
Creek. In the creek bed, just above the mill, we find a 
thinly bedded finer grained variety, Sp. 13, interbedded 
with a commoner variety like Sp. 12, which is in its 
lurn merely a finer grained variety of Sp. 10. It is 
highly probable that the thin bed is only^a^portion de- 
veloped along a shearing plane. The strike of the rocks 
as taken on the contact between the |finer and coarser 
grained variety, Sp. 13 and 12, is N. E.-S. W., with a 
dip of 60 deg. S . E . These rocks are especially inter- 
esting, as showing so clearly the origin of their present 
structure . 

Sp. 10. Biotite-gneiss. — Probably derived by dynamo- 
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metamorphic action from an original biotite granite, 
Macroscopically it is a typical ''augen^' biotite gneiss, 
with a well marked oval augen around which the mica 
layers bend . 

Under the microscope the eyes are composed of felds- 
par, both polysyntheti^ally twinned and an unstriated 
kind, quartz, and biotite. The association is granitic, 
the biotite and triclinic feldspar showing the best devel- 
opment. All the minerals are very fresh. The feldspar 
is full of minute aiitomorphic crystals of epidotO; and 
zoisite, and contains also small plates of muscovite. 
The feldspar substance between these minerals is per- 
fectly fresh, showing no trace whatever of alteration. 
The feldspar shows only slight undulatory extinction. 
The quartz between the feldspar is, however, already- 
crushed, and is present as an interlocking mosaic. Sur- 
rounding the eye there is a zone of varying width com- 
posed essentially of minute brown biotite scales with a 
few larger biotite and muscovite plates lying in a mosaic 
of crushed quartz and feldspar. Imbedded in the mica 
are large sphene and epidote crystals. In one case a 
brown allanite crystal was observed surrounded by epi- 
dote, as described by Lacroix* from several localities, 
and by Hobbsf from the Ilchester granites of Maryland. 
The sphene and epidote crystals lie with their long ex- 
tension parallel to the schistosity of the rock. Also a 
little pink garnet was^seen. These and the mica are evi- 
dently secondary. They show no sign of crushing. In 
this biotitic portion there are also minute eyes formed of 
single oval feldspar crystals surrounded by a mosaic of 

*Oontributions a T^tude des gneiss a pyroxene et des roches a wer- 
nerite. BulL de la Soc. francaise de Mineralogie, tome XII, No. 4, 
April, 1889. 

tOn the Paragenesis of Allanite and Epidote as Rock-forming Miur 
erals, by Wm. H. Hobbs. Johns Hopkins Univ. Circulars, No. 65, 
April, 1888; Am. Journ. Sci.,.Vol. 38, Sept., 1889, pp. 223-228; Teh, 
Min. Pet. Mit., Vol. 11, 1889, p. 1. 
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small grains of feldspar ground from the large crystals 
by crushing. The quartz seems in all cases to have been 
ground down to what we may call a miscrocopical pow- 
der, so fine are the grains at times, and this forms the 
most of the material in which the biotite flakes lie. The 
specimen shows the phenomena accompanying crushing 
and shearing most beautifully. The crushing of the 
quartz is especially well shown. From a large grain' 
showing undulatory fextinction the process can be traced 
to the next stage, where the grain is separated along 
lines perpendicular to the direction of schistosity. These 
various edges and also the ends around the outer edges 
and corners are then rubbed to a finely powdered mosaic 
of quartz, and in the last stage we have none of the 
original quartz left in large grains. The feldspar like- 
wise is crushed, but it is usually first rounded by the 
grinding down of the corners, reducing it to a more or 
less oval outline. It is also frequently pulled apart and 
the cracks, extending perpendicular to the direction of 
movement, have been filled with quartz. Judging from 
the eyes, which apparently represent the original rock, 
this biotite gneiss seems to have resulted from the in- 
tense crushing of a biotite granite. \ 

Sp. 11. Biotite-gneiss, This is a very much altered 
phase of the above. In it mustovite forms the greater 
part of the rock, and there is a great deal of ilmenite 
in well developed hexagonal plates. No epidote and 
very little sphene is present. 

Sp. 12. Biotite-gneiss. This is a somewhat finer grain- 
ed modification of Sp. 10. Instead of epidote we have, 
however, the rose colored manganiferous zoisite — thu- 
lite — appearing in rounded prismatic crystals. It is al- 
ways surrounded by a narrow zone of clear white zoi- 
site. The minerals have not in all cases exactly the 
same orientation, the extinction varying very slightly in 
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the two zones. The thulite has even a lower polarization 
color than the zoisite, appearing almost isotropic. The 
occurrence of thulite in biotite-gpeiss, noted also in Sp, 
7, has, as far as I know, not been mentioned before. 
Its zonal structure with zoisite is especially interesting. 
The manganese present in the rock having been used 
up, the mineral continued to grow by the addition of 
the zoisite molecule. This zonal structure of the zoisite 
and thulite may be compared to that described by La- 
croix and Hobbs* in the case of allanite and epidote in- 
tergrowths. Apatite is present in a few crystals. 

Sp. 13. Biotite-gneisa y does not differ from No. 12 ex- 
cept in that it is a trifle finer grained and contains rather 
more muscovite.f 

Below the mill there are outcrops in the creek under 
the bridge and along the road beyond the bridge of a 
pinkish quartz-schist. I was not sure of the true bedding, 

Sp. 14. Quartz-schist. — This quartz-schist is almost ex- 
actly like Sp. 9, showing, however, a greater degree of 
alteration. The muscovite is not in such large flakes as 
in the last specimen, and in general the rock is somewhat 

coarser grained. 

__ . - 

tThe augen-gneiss (biotite-gneiss)here desribed, numbers 10, 11, 12, 
and 13, occupies a belt four or five miles in width, that may be fol- 
lowed from the vicinity of Auburn northeastward to the Chatta- 
hoochee river, where its northern boundary is a little north of Me- 
chaniQsville, and its southern limit to the south of Wacoochee creek. 
In all this belt the several phases in the atmospheric decay of rock 
may be followed out. 

In one stage the result of the alteration resembles very strongly a 
talcoid mica schist, such as is mentioned by Dr. Clements ; this in 
turn passes into a purple or reddish clays somewhat like the clays 
characteristic of the Tuscaloosa formation of the Cretaceous. 

The dolomite and quartzites of the Chewacla belt occupy a place 
in the midst of these gneisses, the dip of the gneiss being in both di- 
rections from the dolomite belt as though it were upon an anticlinal 
fold. 

Mr. Brooks has also ^escribed specimens of the same rock from 
the same locality, Nos. 15 and 16. E. A. S, 
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Lafayette to Oakbowery.. 

Near Mr. Bledsoe's, Sec. 35, T. 2*2 N., R. 26 E., S. W. 
of Lafayette on the road to Oakbowery, a mass of rock 
is exposed srriking across the road. 

Sp. 16. Diorite. — This rock is dark gray, coarse grained, 
and imperfectly schistose. The minerals forming it are 
common green hornblende, pyroxene, feldspar, sphene, 
epidote, and magnetite. These show the usual charac- 
ters of such minerals. The amphibole is perfectly com- 
pact and occurs in grains rather than in crystals. It 
shows a strong pleochroism, c. deep blue green, b.. yel- 
lowish green, a. yellow. The pyroxene is a green mala- 
colitic pyroxene, with scarcely noticeable pleochroism 
from light green to a slightly yellowish tinge of green. 
It is not present in any better developed forms than the 
amphibole. It is found in parallel intergrowths with, 
and also included in, the hornblende. Along the edges it 
is in places seen to be slightly fibrous, but no other trace 
of alteration was observed. Careful search was made 
for evidence of the secondary nature of the hornblende, 
that is, that it was the result of the alteration of a py- 
roxene, as has been so frequently described. Its rela- 
tions to the green pyroxene, including it, seem to favor 
the idea of its formation from it, the included pyroxene 
grain representing an unaltered core. No proof of this 
could be found. The almost perfect freshness of the 
minerals is itself against it. I could only come to the 
conclusion that the amphibole and pyroxene are both 
original. 

Both plagioclase and orthoclase are present, the former 
predominating. Neither possesses crystal outlines, 
though the plagioclase approaches automorphism most 
closely. Quart55 is present in very small quantity in 
xenomorphic grains. Sphene is present in numerous 
small rhombs included in all of the other minerals. Mag- 



152 GEOLOGICAL SURVEY OF ALABAMA. 

netite occurs in a few rare grains. . The extinction in all 
of the minerals is sharp, indicating a total absence of 
dynamic action. The epidote is of quite a different char- 
acter from what has usually be^n observed. It is not 
found in crystals, but as a fringe or zone between the 
feldspar and hornblende. This fringe is not composed, 
however, solely of epidote, as is the case in the zone de- 
scribed by Williams,* but of epidote micropegmatitically 
intergrown with a clear white mineral of rather low sin- 
gle and double refraction. This mineral penetrates the 
epidote in curving rods, which branch, giving V shaped 
forms, and have in cross section rounded or irregularly 
long oval outlines. By changing the focus of the instru- 
ment the rods can be followed as they curve and run out 
without any break to* join the feldspar, to which they 
evidently belong, since they extinguish with the feldspar. 
The feldspar forms perhaps one-third of the entire mass 
of the fringe. The epidote has in hand specimen a gre'en 
color, and under the microscope a greenish yellow tinge 
without marked pleochroism. It has the high single 
and double refraction and rough surface of epidote, but 
no crystal outline. . In no case could a figure be obtained 
in convergent light, probably owing to interference of 
the intergrown feldspar. No cleavage was observed. In 
fact, while the statement l;ias been made that the mineral 
is epidote, no absolute proof can be brought forward to 
show that it is — no separation and chemical analyses as 
yet having been made of it. The contact between the 
epidote and hornblende is fairly sharp. The epidote is 
at times more or less surrounded by hornblende, but the 
immediate contact line is sharp . 

A case like this was figured by Hobbsf from a gabbro 

*The' Gabbros and Associated Hornblende Rocks of Baltimore, 
Maryland, G. H. Williams, Bull. 28 U. S. Geol. Sur., 1886, p. 32. 

tSome Metamorphosed Eruptives of Maryland, by Wm. H. Hobbs. 
Trans. Wis. Acad. Sci., Arts & Letters, Vol. 8, 1890, Fig. 1, p. 157. 
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diorite from Ilchester, Maryland. The micropegmatitic 
intergrowth, however, is not mentioned in th^ text, and 
but imperfectly represented in the figure. Through the 
kindness of Mr. Hobbs I was enabled to examine the 
section figured , and was thus able to satisfy myself of 
the similarity of the two occurrences, the one from Ala- 
bama being a much more perfect case, and the rock in 
which it occurs being far fresher than the Maryland 
specimen. In the article referred to the conclusion seems 
to be that, as suggested by Prof. Rosenbusch, ''the min- 
eral is amphibole in thin scales, the high colors resulting 
from intercalated films of air.'' This explanation could 
not be considered at all for the Alabama occurrence, as 
the mineral is seen to bQ perfectly compact and occupying 
the entire thickness of the section. However, as show- 
ing an excuse for the suggestion of the hornblende nature 
of the mineral, it may be mentioned that I found in ono 
case, in Sp. 15, a micropegmatitic intergrowth of feldspar 
and hornblende on the edge of a large hornblende crystal , 
which bears a great resemblance in certain positions to 
the epidote. As soon, however, as the stage was revolved, 
the marked emphibole pleochroism became apparent^ 
and agreed perfectly 'with that of the main mass of the 
crystal, and the cleavage conld be followed extending 
from the compact main crystal through the micro- 
pegmatitic portion. Moreover the interference colors 
are not so high as are those of the epidote. 

In the cases of the epidote occurrences cited above by 
Williams and Hobbs (1. c.) , they have been explained as 
reactionary rims between the feldspar and hornblende . 
Both rocks from which they have been derived have been 
much altered, and have clearly been derived from other 
rocks by dynamo-metamorphism. The one I have before 
me is, as above stated, perfectly fresh. Moreover, it has 
not been subjected to dynamic action, as is shown by the 
sharp extinction of all the mineral constituents. The 
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position of the epidote proves it . to be dependent for its 
origin upon the feldspar and hornblende. No evidence 
can be found in this specimen to support the viejv that 
,the fringe Vas secondarily formed by a reaction between 
the feldspar and hornblende as a result of metamorphic 
action, however, for the rock has apparently undergone 
no such metamorphism . Since there is an absence of 
proof of its secondary nature, may we not, with some 
degree of probability at least, consider this micropeg- 
matitic epidote fringe to be due to a somewhat similar 
process and condition as that existing during the forma- 
tion of the well known micropegmatitic intergrowth so 
frequently seen around feldspars in the acid porphyries, 
the reaction upon each other of the feldspar and horn- 
blende molecules remaining uncrystallized at a certain 
time resulting in a mineral of intermediate composi- 
tion, the epidote, penetrated by the fresh clear rods of 
feldspar. 

At the foot of the hill just before reaching Mr. An- 
drews's house, there outcrops on the right of the road, 
forming a small elevation, a coarsely granular rock, 
Sp. 17. This is also seen on the opposite side of the 
road outcropping in several small knolls, the general 
trend of the rock mass as indicated by the series of 
knolls being S. E.-N. W. Sp. 18 was taken from one of 
the knolls right by the negro cabin. As we ascend the 
hill upon which Mr. Andrews's house stands, we pass 
over light greenish, rather fine grained schist, Sp. 15, 
with schistosity striking S. E.-N. W. It is cut by six 
dikes, Sp. 19, from six inches to fifteen feet in width, 
which are very much altered, and now consist for the 
most part of chlorite. Prof. Tuomey says of the expos- 
ures :* ''Near Mr. Andrews's house, vast and rugged 
masses of hornblende passing into soapstone are found 
protruding above the surface and not far from the house 

*2d Biennial Report of the State Geologist, 1858, p. 61. 
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a trap dyke crosses the road, with which I found asso- 
ciated magnetic iron but not in great quantity." 

Sp. 16. Amphiholite {Hornblende-schist), — -This is a 
moderately fine grained light green schistose rock com- 
posed of common green hornblende, with magnetite in- 
clusions in small quantity. No quartz or feldspar is pres- 
ent. The amphibole. shows moderately strong pleochro- 
ism from light green to yellowish white. The extinction 
is sharp and the angle measured against the prismatic 
cleavage is low, the maximum of several measurements 
being 13 deg. A few of the crystals are colorless at one 
end and green at the other. Such crystals possess, how- 
ever, the same optical characters throughout. Where 
the magnetite occurs it is always fresh. The rock in no 
wise indicates the manner of its origin or from what de- 
rived. It resembles very much Sp. 28 and 29 from 
West Point, Ga. 

Cutting this schist we find, as first stated, Sp. 19, 
but as this is merely an altered phase of Sp. 18 and 17, 
they will all be described together and the process of 
alteration traced out. Although the large masses from 
which Sp. 17 and 18 were taken were not observed in 
contact with the schist, we may reasonably conclude, 
from the fact that they are igneous rocks, and the same 
as Sp. 19 which does cut the schist, that they would bear 
the same relations to it, if the rock was sufficiently ex- 
posed to allow the relations to be discovered. 

Sp. 17, 18 and 19. Hornblende Olivine Rock {Cort- 
landite) . — This is a coarse grained rock with dark green 
color, which upon weathering is covered wfth a ferrugi- 
nous crust. It is a granular aggregate of hornblende, 
olivine, pleonaste, and magnetite. The hornblende dif- 
fers from that usually found in such rocks in that it is a 
very light green, so that in thin sections it appears al- 
most colorless, whereas in the rocks for which Williams* 

*Peri(iotites of the Cortland Series, by G. H. Williams, Am. Journ. 
8ci.,iii, vol.31, 1886, p. 30 
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proposed the name cortlandite the hornblende was the 
brown strongly pleochroic variety. The hornblende 
angle and other characters prevent its being mistaken 
for a pyroxene . It is present in partially automorphic 
long prismatic individuals and is quite free from inclu- 
sions, only in a few cases containing magnetite and 
minute brownish plates. The olivine is in large grains 
between the hornblende crystals, and is for the most 
part altered to yellowish serpentine. Grains of unaltered 
fresh olivine still remain scattered through the serpen- 
tine. It contains a good many magnetite inclusions and 
also grains of green spinel. The light green isotropic 
mineral which is present in considerable quantity in 
irregular grains throughout the rock is a spinel and is 
presumed to be the iron-magnesia aluminate, pleonaste. 
It is usually associated with the magnetite, and is fre- 
quently seen forming a narrow rim completely or par- 
tially encircling it. This also contains numerous small 
crystals of magnetite. Magnetite is present in large 
crystals scattered through the rock, besides that enclosed 
in the other minerals. The secondary products are ser- 
pentine, chlorite, and calcite. The amphibole alters 
along cleavage lines and fractures to serpentine, and in 
places also to a chloritic mineral which is light green 
for the ray vibrating parallel to the cleavage, and yellow 
perpendicular thereto. The olivine alters to the char- 
acteristic serpentine with mesh structure. 

Of considerable interest is the alteration which the 
green spinel undergoes. It shows in places an imperfect 
octahedral cleavage. Along these and fracture lines and 
around the edges it slightly alters to a white to brownish 
yellow substance in which still remain the magnetite 
crystals which are included in the fresh mineral. This 
substance by high power appears in places somewhat 
fibrous and seems to have at times a low polarization 
color and at others to be isotropic. The doubly refract- 
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ing portion is presumed to be serpentine, a product 
which might readily be formed from such a ferro-mag- 
nesian alumniate. The isotropic portion is not deter- 
minable. So far as I can learn, no such alteration has 
ever been described for pleonaste in any rock. The 
spinels are usually described as perfectly fresh in all 
rocks in which they occur. It is one of the most resist- 
ant of minerals, and in such rocks remains perfectly fresh 
after the other minerals have altered. Here, however, 
we have it beginning to alter, even before the olivine 
has completely disappeared. Moreover, in Sp. 19, the 
most altered phase of the rock, the spinel is quite fresh. 
It would appear to be due perhaps to some special cause 
acting in the larger^dike alone. The alteration is best 
seen in Sp. 17, and there I believe no one can be in 
doubt as to its being a true alteration. In Sp. 18 it is 
not quite so far advanced. Shepard mentions a partial* 
pseadomorph of steatite after a green spinel, containing 
chromium, from N. Carolina.* 

Sp. 20. Amphibolite {Horiiblende-Bchist) . Immedi- 
ately after crossing the first large brook beyond Mr. An- 
drews's I collected a specimen from a rock outcropping 
in a small mass to the right of the road. Could get no 
good strike of schistosity. The rock is green, schistose, 
and medium grained. Under the microscope it is seen 
to be identical in character in fresh condition "^ith the 
preceding amphibolite, Sp. 16! As it begins to alter, 
however, there is a change in the character of the rock. 
The amphibolite begins to bleach, the bleaching begin- 
ning along the edges. As a result of this bleaching we 
have an amphibole formed which is very much lighter 
in character than the original, and occurs not incom- 
pact masses but in more or less fibrous crystals with 
green color. It shows very slight or no pleochroism and 

*C. U. Shepard : Corundum of N. Carolina and Georgia. Am, J. Sci. 
IV. 113, 1872. 
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possesses the characters of actinolite. Grains of calcite 
and magnetite are observed intermingled with this sec- 
ondary amphibole, and are looked upon as products of 
the decomposition of the common hornblende. The 
magnetite has collected in aggregates of varying size, 
and is usually surrounded by the actinolite, mixed with 
grains of calcite. 

At Mr. Joel Harris's Sec. 4 or 9, T. 20 N., R. 26 E., I 
collected Sp.21 from the brow of the hill back of the 
house. 

Sp. 21. Diorite, This is a black schistose rock, which 
upon examination proves to be diorite. The hornblende 
is the common compact green variety, strongly pleo- 
chroic, c. bluish green, b. yellowish greeQ, a. light 
yellow, and occurring in thick forms approachmg grains, 
It has all the appearance of an original coQstituent. The 
feldspar, which is a plagiocliise, is without crystallo- 
graphic contours. This is accompanied by a few un- 
striated grains supposed to be orthoclase. All of the 
feldspar is very fresh, showing in a few cases beginning, 
cloudiness. Very little quartz is present. Epidote is 
found in a number of large crystals. Of all the minerals 
it has the best crystallographic outlines, in every case 
one or more crystal faces being developed. Some mag- 
netite is present included in all other minerals. 

Sp. 22! Diorite. From large boulders in situ in Mr. 
Joel Harris' pasture. This is the same as above except 
that the epidote is wanting. The extinction in both of 
these sections is sharp, indicating total absence of oro- \ 

genie pressure. The schistosity is given to them by the 
general parallelism of the hornblende prisms, causing 
the rock to cleave readily in a certain direction. 

Lafayette to B, F, Frazier's. 

Going west from Lafayette upon the Dudley ville road 
we pass, just before crossing the large branch of the 
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Hoodlethlocqo creek, about a mile from town, an out- 
crop of a green dioritic rock like Sp. 15 and 21. This 
is weathered to a depth of several feet, the weathered 
product being a yellowish brown porous rock through 
which are scattered black spots of limouite and in some 
cases glistening grains of quartz. This alteration pro- 
duct is quite common along the road from Lafayette to 
Oakbowery and to Dudleyville, but this was the first 
time it was seen in connection with even a fairly fresh 
rock. Usually only the porous brown alteration pro- 
duct remains. Near B. F. Frazier's, the old HoUoway 
place, a low outcrop of quite rotten hornblende olivine 
rock, Sp. 23, was visited. This I was told had been 
used for making mantels in a few cases by some of the 
people living there. 

Sp. 23. Hornblenfie Olivine Rock {Cortlandtite) . This 
rock is of a dark green color, coarse grained, with the 
brown colored hornblende appearing in large porphyritic 
crystals, each surrounded by a narrow zone of lighter 
colored mineral . 

Under the microscope it consists chiefly of large crys- 
tals of hornblende, grains of olivine and magnetite as 
primary minerals, and actinolite, talc, and chlorite as 
secondary products. The hornblende, in large plates, 
having macroscopically a brownish or bronze color, 
shows microscopically a yellowish to yellowish green 
tinge, and is very weakly pleochroic. It contains olivine 
and magnetite inclusions. It bleaches around the edges 
and forms lighter colored green amphibole. The altera- 
tion of the compact hornblende to the fibrous actinolite 
is very beautifully shown. With the alteration there 
follows the reduction of the extinction angle from 
20"^ in the large plates to 18"^ in the fibrous actinolite 
surrounding it. It also alters to talc. The olivine is in 
large grains and contains magnetite and also some horn- 
blende inclusions. It is remarkably fresh, beginning to 
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alter along the edges very slightly. The magnetite is in 
considerable quantity in grains, and is included by all 
original minerals. As can be readily seen, the fibrous 
hornblende is formed from the compact variety. There 
is a large amount of this present. Talc is frequently 
found surrounding the hornblende and in the large plates 
also penetrates it along fissures. In the fissures it con- 
tains magnetite, just as the serpentine veins in olivine 
do, and appears to be without doubt secondary after the 
hornblende- There is a large amount of it present in the 
rock. Chlorite is found, but in rather small quantity. 
Perhaps this is the rock to which Tuomey refers when 
he states 'that about seven miles west of Lafayette a 
trap dike comes, to the surface.'* This is about that 
distance from the town, but I strongly suspect that he 
observed some of the dark schistose dioritic rocks like 
that which I mentioned above, and termed it a dike, as 
farther on he speaks of this dipping to the southeast. 
The rock from which the cortlandite camp is perfectly 
massive. On the same page he speaks of the same se- 
ries of rocks outcropping on the road to West Point, Ga. 
I passed the brown, rotton, weathered product of the 
diorites outcropping on the road to West Poipt also, but 
but no massive dike rocks. This brown alteration pro- 
duct is quite common around Lafayette. 

West Point, Ga, 

While waiting for a train here I visited a place where, 
according to Tuomey, f as near as I could judge from 
the location given, an interesting trap dike was to be 
seen. I collected several specimens of the rock outcrop- 
ping, and it may be well to describe the section, as the 

tSecond Biennial Report of the State Geologist of Alabama 1858, 
p. 63. 

♦Second Biennial Report of the State Geologist of Alabama, 1858, 
p. 63. 
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same rock will probably be traced over into the Alabama 
territory. 

In the first deep railroad cut on the east side of the 
Chattahoochee river there is an excellent exposure of 
crystalline rocks. They possess a certain degree of 
schistosity, the strike of which is uniformly NE-SW and 
the dip to the NW 60"^. The rocks are very much alter- 
ed,' though some specimens were obtained which were 
quite fresh. 

Sp. 24. Diorite. This is an especially coarse grained 
rock, and under the microscope is seen to be composed 
of common green hornblende and plagioclase, with 
small amounts of orthoclase, qtiartz, and magnetite. 
The minerals are xenomorphic, .but the plagioclase 
seems to approach nearer to being automorphic than any 
of the rest. 

Sp. 25. Diorite, This is a trifle finer grained, than the 
preceding and is composed of the same common green 
hornblende, plagioclase, very little orthoclase and 
quartz, considerable apatite in round grains, and some 
pink garnet and also magnetite. The garnet is automor- 
phic. None of the other minerals show crystallographic 
boundaries. The minerals are very fresh under the mi- 
croscope. The magnetite is beginning to alter, and col- 
ors the adjacent minerals with yellowish brown iron 
hydroxide . 

Sp. 26 represents an advanced stage of alteration of 
rocks similar to 25, but containing a good deal of quartz, 
the only mineral now •remaining. Otherwise it is a 
mere network of isotropic brown iron hydroxide. 

Sp. 27 is the most advanced stage of similar rock. No 
mineral is seen at all in this, the quartz having failed in. 
the original or else having been washed out, leaving 
merely the porous clayey ochreous mass. 
11 
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Sp.. 28. Amphibolite {Hornblende-schist), — To the east 
of the coarse diorites there is exposed for nearly 150 feet 
a rock which is without stratification or marked schis- 
tosity. It is found mostly in irregular blocks separated 
by a sandy decomposition product. The rock itself has 
a rough sandy feeling. It is light green in color with a 
tinge of yellow. Under the microscope the rock is found 
to be made up of common green hornblende in irregular 
grains and prismatic crystals, and a monoclinic amphi- 
bole, colorless in thin section, which at times is inter- 
grown with hornblende. A few grains of quartz were 
observed between the amphiboles. The rock is very 
fresh, and the decomposition seems to be merely a loos- 
ening of the grains^ which allows the hornblende crys- 
tals to fall apart very readily. The two sections are very 
thick. It would be interesting to find out the relations 
of this rock to the rocks represented by Sp. 29 and 30, 
and thus determine its origin. I am unable to tell from 
the sections how the rock originated. 

There occur interesting rocks. Sp. 29 and 30, exposed 
in numerous blocks on the surface above the railroad 
cut but not outcropping in the cut itself. These blocks 
are scattered along a ridge having its long direction 
exten^ding approximately north-east and south-west. 

Sp. 29. Augite Norite or Hyperite, — This is an exceed- 
ingly tough, medium grained green rock, which under 
the microscope has as constituents hypersthene, augite, 
hornblende, plagioclase, and magnetite. Hypersthene 
is in larger proportion than any 'other mineral and is 
present in short prismatic individuals without terminal 
faces. It is colored quite deeply and shows its charac- 
teristic pleochroism, a. red, 6. yellowish red, c, green. 
Some but not all the crystals contain the reddish brown 
platy inclusions which are so frequently found in hypers- 
thene. Fibrous green diallage is present in about equal 
quantity with the hypersthene. It is xenomorphic, and 
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some of its crystals contain brown inclusions. It may 
be easily distinguished from the hypersthene by its high 
extinction angle and lack of pleochroism. Both the 
hypersthene and diallage have a mottled appearance be- 
tween crossed nicols. This is especially marked in the 
diallage. It is seen to be due to mcluded microlites with 
light green tinge, which from their high extinction angle 
are supposed to be some pyroxene mineral. Owing to 
the great thickness of the slide and strong color of the 
enclosing mineral, the difficulty of determining the mi- 
crolites is greatly increased. 

Hornblende is present in very small quantity. It oc- 
curs in a partial rim around the pyroxene. It is light 
green in color, compact, and apparently an original min- 
eral. The plagioclase is found in very small quantity 
and forms xenomorphic grains filling in the angles. In 
a few places larger plates of it enclose the hypersthene 
individuals, giving a poikilitic structure. It also con- 
tains nutnerous light greenish undeterminable microlites. 
No iron ores are present ; all of the iron present in the 
original magma having apparently been used in coloring 
• the various minerals . All of the minerals are very 
fresh .' The structure of the rock is granular . The above 
described rock bears remarkable resemblance to some of 
those described by Williams* from the Cortlandt series 
of New York. 

Sp. 30. Pyroxene Hornblende Roch. — Macroscopically 
this is quite similar to the preceding, but one can read- 
ily see that there is a larger proportion of the light green 
hornblende present. The components of the rock are 
hornblende, augite and magnetite. The hornblende is 
in zenomorphic individuals, is compact, and is a light 
green variety of the common hornblende. It is original . 
The augite occurs in large plates enclosing small horn- 
blende individuals. It is also compact, of a pink color, 
♦Am. Journ. Sci., iii, Vol. 33, 1887, p. 193. 
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and with very slight pleochroism . Both the pyroxene 
and hornblende contain numerous inclusions of mag- 
netite. In addition to these ioclusions the magnetite 
also occurs in large crystals scattered through the rock. 
No feldspathic mineral is present, and the structure is 
granular. This is a peculiar facies probably of the same 
magma from wnich the norite is separated, as would ap- 
pear from their intimate association. 

These are exceedifagly tough rocks, forming apparently 
the ridge extending north-east from the railroad cut. 
Along this ridge these boulders are found scattered in 
intimate association, though the relations of the. one to 
the other could not be observed. There are several pits 
which have been sunk in search of copper at various 
points on the ridge, and it was probably from one of 
these that Tuomey collected the serpentine, Sp. 31. The 
sides of the pits have now caved in, or else have been 
otherwise filled with debris. 

Sp. 31. Serpentine. — Macroscopically the rock is 
greenish brown and very dense. Under the microscope 
it is so completely altered that a spinel and magnetite* 
are the only original minerals left. Some secondary 
calcite is present and also a chlorite mineral. The spinel 
is not as green as that described from the Cortlandtites, 
but has a decided brownish tinge, and is probably quite 
close to picotite. I am unable to tell from the rock what 
might have been the constituents of which it was orig- 
inally composed. 

The ridge formed by the norite and pyroxene-amphi- 
bole rock was followed for three-fourths of a mile and 
then died out. I continued on to the river hoping to 
find these rocks outcropping in the banks or bed, but 
did not find them. The river where I touched it was 
being channeled and jettied, and the blasting had 
brought fresh rock from the river bed to the surface. A 
couple of specimens, 32 and 33, were taken. 
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' Sp. 32. Biotite Hornblende Gneiss. — ^Thid is a medium 
grained gray Well laminated rock . The micaceous bands 
give it its marked gneissoid structure* It is composed 
of common green hornblende, which predominates, browja 
biotite, pleochroic from an almost opaque chocolate 
brown to pale yellow, plagioclase, doubtfully orthoclase, 
quartz, sphe&e, pleochroic from yellow to pink, apatite, 
zoisite, and magnetite. Calcite is present in grains and 
has not the appearance of an- infiltration or secondary 
product. All of the above minerals show their common 
characters. Undulatory extinction and bent twinning 
lamellae were common . 

Sp. 33. Diorite, — This is a medium grained black rock 
with granular structure. It is composed of hornblende, 
biotite, plagioclase, orthoclase, quartz, spene, and mag- 
netite. The hornblende is dark green, compact, and 
strongly pleochroic. It occurs in grains. Biotite forms 
regular plates with strong absorption from yellow for 
rays vibrating parallel to cleavage to chocolate brown 
for those perpendicular thereto.^ It is not present in 
very large quantity. Plagioclase is the prevailing white 
silicate. It is xenomorphic and contains numerous min- 
ute plates of rounded and oval shapes, which are trans- 
parent with a brownish color. A few rare unstriated 
feldspar crystals (orthoclase) were observed. Quartz is 
present in a few grains. Sphene is scarce. There is 
quite a good deal of magnetite. 

Sp. 34. Amphibolite (^Hornblende-schist,) — This slide 
was cut from a specimen which was labelled by Tuomey 
as having come from West Point, Ga. It was found in 
the University collection at Tuscaloosa. It is a coarse 
grained schistose rock. The microscope shows no con- 
stituents but a very fresh compact common g reen horn- 
blende in large prismatic crystals. 

Conclusions. — In the preceding^pages I have described 
a series of rocks consisting of sedimentary and|igneous 
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rocks and also certain schistose crystalline rocks whose 
origin is unknown, and which are usually included un- 
der the general name crystalline schists. 
Sedimentaries : 

Spec. 9, Quartz schist. 

Eruptives : ^ -^ 

Spec. 2, Biotite granite. 

'' 3, *' '' (gneissoid.) 

'* 5, Leucite tephrite. 

** 6, Biotite granite. 

''■ 8, Diabase. 

** 10, 11, 12, 13, Biotite gneiss (metamorphosed 
granite.) 

'' 15, Diorite. 

" 17, 18, 19, Hornblende Olivine Rock (Cort- 
landtite.) 

'' 21, Diorite. 

*' 22, Diorite. 

*' 23, Hornblende Olivine Rock (Cortlandtite.) 

'' 24, Diorite. 

'' 25, Diorite. 

" 26 and 27, Alteration products of Diorite, 

'' 29, Augite Norite. 

*' 30, Hornblende Pyroxene Rock. 

" 31, Serpentine. 

'' 33, Diorite. ; 

Crystalline Schists. • 

Spec. 16, Amphibolite. 

'' 20, 

*' 32, Biotite gneiss. 

'' 34, Amphibolite. 
Of these the sedimentaries are comparatively unim- 
portant, their relations not having been observed. 

The igneous rocks are the most numerously represented. 
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and are by far the most interesting. Individually Sp. 
18 is worthy of notice on account of the alteration of the 
green spinel, pleonaste, this being, as far as I can learn, 
the first rock in which such an alteration has been ob- 
served. In this eonnection attention na ay be called to 
the fact that the iron ore and emery segregation veins of 
the Cortlandt series,* which contain large amounts of 
pleonaste according to Williams,! occur in rocks related 
to this. 

A spinel occurring with corundum in association with 
serpentine rocks has been reported from Dudley ville, 
Ala., a locality not very far distant from the point where 
the Cortlandtite is found. May not this be an occur- 
rence similar to the iron ore, emery and spinel associa- 
tion from the '* Cortlandt Series?'' 

Sp. 29, as an excellent type of augite norite, and 
Sp. 15, in which the micropegmatitic intergrowth of 
epidote and feldspar is to be seen, are also interesting. 
Sp. 10, 11, 12, 13 are remarkably fine examples of a 
dynamo-metamorphosed rock. ' ' 

The general assemblage of eruptive rocks bears a strik- 
ing resemblance to certain types described from the 
Cortlandt area of Westchester county, N. Y.,. and from 
Baltimore, Md., by Williams,! from Delaware by Ches- 
ter, § and from Uchester, Md., by Hobbs|| . 

They are also closely related to the peridotites de- 



*Dana, Am. J. Sci. XX, 1880, pp. 199-200. 

+Norites of the "Cortlandt series.'' Am. J. Sci. 33, 1887, p. 194. 
TJber Pleonaste and Hercynite. N. Jalirb. II, 1887, p. 263. 

$Cortland Series. Am. Journ. Sci. iii, vol. 31, 1886, pp. 26-41; vol. 
33, 1887, pp. 135-200: vol. 35, 1888, pp. 438-448. 

§Gabbro8 and Associated Rocks in Delaware. Bull. 28, U. S. G. S., 
1890. 

llSome Metamorphosed Eruptives in the Crystalline Eocksof Mary- 
land. Trans. Wis. Acad. Sci., Arts & Letters, vol. 8, 1890, pp. 
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scribed from North Carolina by Julien,* Wadsworth.f 
and Williams, J and from Kentucky by Diller.§ The 
distribution of such rocks is thus shown from the ex- 
treme south-east extension of the Appalachian system in 
Alabama almost throughout its entore length. It is 
highly probable that further researches in the region 
from which the above specimens were gathered will dis- 
close another such beautiful case of magmatic diflferenti- 
ation as was described from the Cortlandt series by Wil- 
liams, I and of metamorphism of the gabbros and diorites 
as illustrated in the papers of Williams, Chester and 
Hobbs, above referred to. 

I have left with the igneous rocks a few specimens, 4, 
6, 7, 10, 11, 12 and 13, whose schistose condition alone 
would cause them to be placed in the succeeding cate- 
gory of crystalline schists, but which after microscopical 
study seemed to me to be of eruptive origin. It would 
perhaps have been well to have placed Sp. 15, 21, 22, 
24, 25 and 33 under the crystalline schists as plagioclase 
amphibolites. They, however, bear such a striking re- 
semblance to similar rocks, which after a careful and 
very detailed study of their field relations, have been 
proved to be diorites, that I have retained them among 
the eruptive rocks. 

The crystalline schists include those which are mark- 
edly schistose and whose origin is entirely unknown . 
They were found associated with and cut by the igneous 
rocks. Future studies may show them to be meta- 
morphosed phases of some of the eruptives. 

*Proc. Boston Soc. Nat. Hist., vol. 

tOlivine Kocks of North Carolina. Science, vol. 3, No. 63, 1884, 
p. 486. 

tThe Non-feldspathic Intrusive Rocks of Maryland and the Course 
of their Alteration. Am. Geol., vol. 6, 1890, p. 44. 

§Peridotite from Elliot county, Ky. Am. Journ. Sci., iii, vol. 31. 
1886, p. 121 : Bun. U. S. G. S., No. 88, 1887. 

iil.c. 
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Taking the rocks as a whole, disregarding the quartz- 
schist, their general characters are those of that great 
mass of rocks which lies below all beds of undoubted 
sedimentary origin, and which are known as .the 
Archaean rocks. 
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Supplementary Notes of Dr. Clements. 

In the summer of 1894, I collected from the vicinity 
of Gold Hill , in Lee county, and from a railroad cut near 
Dadeville, specimens of eruptive rocks which were sub- 
mitted to Dr. Clements for examination. His report is 
as follows : 

''No. 1. (35) From near Gold Hill, Lee county. 
This is a very fresh specimen of a typical Olivine-diabase. 
Fine grained. The mineral constituents given in order 
of age are, apatite, triclinic feldspar (anorthite) , oliv- 
ine, magnetite, augite. Feldspar and augite predomi- 
nate, then comes magnetite with very little olivine and 
apatite. The triclinic feldspar is anorthite and occurs 
in long lath-shaped individuals showing poly synthetic 
twinning. It is for the most part quite fresh. Begin- 
ning decomposition makes the plates appear somewhat 
dull. In a more advanced state these dull spots are seen 
to be made up of minute grains of epidote. The augite 
is in very light brownish grains and wedge-shaped pieces 
which lie between the feldspar individuals, as a cement, 
and from them have received their outlines. The char- 
acteristic cleavage angle is well marked. Augite is very 
fresh. Magnetite appears in irregular individuals w;ith 
only one or two crystal faces developed, the rest of its 
contours being determined by the feldspar crystals 
touching it. Olivine is present in only one large crys- 
tal. It is partially altered, serpentine forming around 
the edges and along the cleavage lines. A few obscure 
greenish spots in the ground mass may be completely 
altered olivines. Apatite is scarce, occurring in long 
needles penetrating the other minerals. The structure 
of the rock is typical ophitic. 

No 2 (36) . From railroad cut near Dadeville. Hy- 
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persthene-gabbro • with a great deal of hornblende and 
biotite ; might be called a hyper8thene'h()7mblende'biotite 
gabbro. Coarse grained, granitic structure. 

Hypersthene, the most characteristic mineral, occurs in 
rounded crystals surrounded by a border of compact 
green hornblende. Between the hypersthene and horn- 
blende there is frequently a zone which is made up of 
the hornblende intergrown with a white mineral of very 
low angle and double refraction, probably feldspar. 
Hypersthene is pleochroic, from pink to light greenish 
tinge. The characteristic brown inclusions are present. 
It is very fresh, only in places along cleavage lines are 
there traces of beginning decomposition. Diallage is 
present in comparatively small quantity and is surround- 
ed by the strong pleochroic green hornblende just as the 
hypersthene is. Hornblende occurs in a few large plates 
in the section, but for the most part as a border, varying 
very much in width around the pyroxene crystals. It 
is very pleochroic, the color changing from light yellow 
to bluish green and dark olive green. It contains num- 
bers of dark interpositions, different from those in the 
hypersthene, in the form of . rounded plates and long 
needier. Some of the apparent needles are undoubtedly 
only the plates on edge. For the most part they are 
perfectly opaque, but some permit a little light to pass 
through and are of a dark chocolate brown. The char- 
acteristic hornblende cleavage is frequently seen. It in- 
cludes plates of biotite and large crystals of apatite and 
magnetite. Biotite appears in plates with its customary 
strong pleochroism, straw yellow to chocolate brown, 
and perfect cleavage. It is included both in the pyrox- 
ene and hornblende. Feldspar forms the mass of the 
rock and appears in poly synthetically twinned grains. 
It is the basic anorthite, and is perfectly fresh and clear. 
Magnetite is in rounded grains and is included in the 



172 GEOLOGICAL SURVEY OF ALABAMA. 

other minerals. Apatite occurs quite abundantly and in 
large crystals which have more or less rounded outlines. 
Feldspar, hypersthene and hornblende make up the mass 
,of the rojck, then diallage, biotite, magnetite and apatite. 
The structure is granitic, and the specimen is remarka- 
bly fresh. 

No . 3 (37 ) . Hypersthene'hornblende'biotite'gabbro, — 
Same locality as the preceding. What is said of No. 2 
holds good for No. 3, except that the latter contains 
rather more diallage in proportion to the other constitu- 
ents and also more biotite and apatite. In a few places 
the feldspars show signs of deformation in bent twinning 
lamellae. This is, however, apparently only local, as it 
is seen only where decomposition has begun, and may 
be due to the hydration of the feldspar exerting pressure 
on the surrounding crystals." 



In the following notes by Dr. Clements, Nos. 88, 39, 
40 and 42, descrie the chief varieties of the green schists 
of the Hillabee type. Nos. 41 and 43 are probably 
altered sedimentary rocks ; the latter is of some interest 
for the reason that in it through Clay county and parts 
of Coosa many years ago great numbers of pits have 
been sunk in the search for copper. The graphite 
seems to have been the attraction, and the prime cause 
of the search. I am not aware that copper has been 
anywhere found in it. No. 41 is a sample of the graph- 
itic schist which extend through Coosa county parallel 
with the course of Hatchet creek and at no great dis- 
tance therefrom : 



i- 



THE ROCKS OF THE GOLD REGION. 173 

(38) 1. Actinolite-epidote-schist. From McGliee's, 
Clay Co. 

This a very fine grained compact grayish green schist, 
composed of epidote, in grains, lying in a fine felt of 
actinolite needles, with here and there a lenticular area 
of quartz. Nothing in it gives an indication of the ori- 
gin of the rock. , 

(39) 2. Sericite-schist. From McGhee's, Clay^Co. 
This is macroscopically a light dirty yellow, schistose 

rock, with silky luster upon the faces parallel to the 
schistosity, and showing on traverse fracture a well 
marked ^*augen'' structure on a small scale, a dark min- 
eral forming the center of the eyes. Under the micro- 
scope the rock is seen to be composed of thin alternating 
bands of tw6 kinds, ope of which is composed essentially 
of cataclastic quartz, with a small amount of unstriated 
feldspar, the other of sericite, scattered actinolite needles, 
and a large quantity of small epidote grains. These 
sericitic bands show a very noticeable wavy structure, 
and extend across the thin section in undulatory lines, 
separating here and there to wrap around the horn- 
blende which forms the eyes. Upon examination these 
eyes are seen to be made up of a number of fragments 
of a very dark green hornblende . The fragments in 
most, if not all, cases belong together, showing from the 
manner in which they are separated the crushing which 
the rock has suffered. The hornblende is cotopact in the 
center and cloudy with minute dark specks, but on the 
edges it is light colored, frayed out as it were, and 
passes over into aggregates of actinolite and epodite 
lying in quartz cement. As we go away from these 
eyes the quartz diminishes in quantity, and the actino- 
lite also. Sericite begins to increase, and we pass over 
into the bands consisting of sericite and epidote, with a 
few needles of actinolite, and so dense that the quartz 
can not be distinguished. The quartz bands have scat- 
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tered actinolite needles and epidote- grains in them here 
and there, and also a few flakes of sericite. The crushed 
character of the hornblende and quartz is sufficient evi- 
dence of the dynamo-metamorphic action to which the 
rock has been exposed, but no satisfactory proof of ite 
original condition could be found. My belief is that it 
was not derived from a clastic, unless it was itself meta- 
morphosed, tut was derived from some eruptive rock. 

(40) 3. Actinolite-epidote-zoisite-schist. Chandler's 
Spring. 

This is a quite rotten, fine grained gray rock macro- 
scopically. Besides the actinolite, epidote, and zoisite, 
it contains a small quantity of granular quartz, and is 
badly discolored by brownish iron hydroxide. It bears 
now no evidence of clastic origin, bufc it would really be 
impossible to say from what it was derived, whether 
from an eruptive or a sedimentary. 

(41) 4. Graphite-schist. Ingraham's Mill. Clay Co. 
This appears very much like the phyllites, exceedingly 

fine graiaed and fissile. It consists of a fine grained 
granular aggregate of quartz and feldspar, with rounded 
zircon crystals and fragments of tourmaline and flakes 
of sericite. The rock is rendered quite dark by innum- 
erable minute needles of rutile and a black substance 
which is scattered all through it, occuring in specks 
without any determinable form . This substance has a 
black metallic luster in incident light, disappears when 
the rock is heated to a high temperature, and was de- 
termined to be graphite. Part of the rock is discolored 
by brown iron hydroxide derived from the alteration of 
ferruginous carbonate, which occurs in well developed 
rims in parts of the rock. If , like many others, you 
consider the presence of graphite as sufficient evidence 
of the existence of living organisms from which it was 
derived, then the original sedimentary character of the 
rock is proven, although now it is so metamorphosed 
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that it contains no indications (other than the presence 
of graphite) of its origin. 

(42) 5. Actinolite-schist. Lecroix, (Miller ville,) Clay 
county. 

Fine grained green schist, seen under the microscope 
to be composed of actinolite, epidote, flakes of chloritic 
material, and sphene, in a clear granular groundmassof 
clear unstriated feldspar and some quartz. The granular 
aggregate is rendered schistose by the parallelism of the 
actinolite needles and chlorite flakes. It is impossible 
to determine the original character of the rock. 

(43) 6. Graphitic muscovite-schist. J. W. House. 
Clay Co. 

Macroscopically the rock is a medium grained grayish- 
blue schist, showing large light greenish clumps of mus- 
covite. Under the microscope it is found to be composed 
of quartz, muscovite, and graphite, with spots of white 
opaque leucoxene-like substance. Cataclastic structure 
is very plainly shown by the quartz. If the graphite is 
here, as in No. 4, to be considered sufficient evidence of 
life, it is probable that the rock is of sedimentary origin, 
though it exhibits now no sedimentary character. 

(44) 7. Mica-schist (shistose eruptive rock). Dar- 
sey No. 4. Coosa Co. A dark bluish-black fine grained 
more or less schistose rock. Under the microscope we 
find a few eyes of grayish and altered triclinic feldspar, 
which lie in a fine grained cataclastic groundmass com- 
posed of quartz and feldspar mosaic — in which the 
quartz predominates — with flakes of brown mica and 
some chlorite. There are also found large quantities of 
sericite, with a considerable quantity of fairly large 
crystals of epidote, and rare ones of reddish , sphene. 
The mica and epidote are present in large quantities, 
and almost obscure the clear white elements of the 
groundmass. The rock is clearly at present in a very 
badly mashed coadition, and was probably derived from 
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an acid, granitic eruptive. 

(45) 8. Amphibolite or hornblende schist. Darsey 
No. 5. Coosa Co. Dark green schistose rock made up of 
strongly pleochroic, common green hornblede in^ small 
partly automorphic crystals, together with a large quan- 
tity of magnetite and considerable epidote, in a granular 
groundmass of unstriated feldspar, with some quartz. 
The hornblende is beginning to get fibrous along the 
cracks which traverse the crystal perpendicular to pris- 
matic cleavage. The rock is now a crystalline schist, of 
which nothing more can be said than that it was proba- 
bly derived from some such basic eruptive as probably^a 
gabbro. 
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3. PRELIMINARY PETROGRAPHIC NOTES ON 

SOME METAMORPHIC ROCKS FROM 

EASTERN ALABAMA, 

BY ^ 

ALFRED H. BROOKS, 

ASSISTANT GEOLOGIST, U. S. GEOLOGICAL ' SURVEY. 



The following notes are the results of a brief exami- 
nation of some twenty specimens which were submitted 
to me by Dr. Smith. No attempt has been made to go 
into minute mineralogical details, the determination of 
which will require further study. The naming of the 
rocks is only tentative, until further petrographic in- 
vestigation and chemical analyses shall determine their 
true classification . 

The metamorphic rocks of Alabama and Georgia may 
be differentiated into two series. The older, or crystal- 
line series, includes . crystalline schists and gneisses, 
whose origin is doubtful, together with large masses of 
gneissoid granite. The younger, or clastic series, is 
typically made up of phyllites, sericite schists, chlorite 
schists, conglomerates, usually containing much felds- 
par, quartzites, crystalline sandstones, and, in aportiori: 
of the region, limestones and marbles. In many case6 
this younger clastic series has been so metamorphosed 
that it is diflBcult to distinguish its members from the 
older crystalline complex. The rocks of both series are 
closely associated with rocks of undoubted igneous 
origin. 
12 
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In some portions of the area there are broad belts in 
which the country rock is largely igneous. Such a 
zone of igneous rocks, which are chiefly basic, extends 
through the northern portion of Cobb County, through 
the central portion of Paulding into Carroll County, 
Georgia.* Another area of igneous rocks, which are al- 
so chiefly basic, has been mapped by Mr. Hayes in the 
southern portion of Cleburne County, Alabama. f The 
granites associated with the crystalline schists of the 
basal complex have already been mentioned. 

The major portion of the igneous rocks of the two 
series are intrusive, but it is probable that further in- 
vestigation will prove that some of the metamorphic 
schists of the region are altered effusive rocks. J Most of 
the igneous rocks seem to have been intruded previous 
t(j the deformation of the associated rocks, for, as a rule, 
they give evidence of having suffered extreme dynamic 
metamorphism. 

CLASTIC ROCKS. 

Among the twenty specimens submitted to me, only 
one rock (No. 2) showed any evidence of clastic origin. 

No. 2. (101a and 101b) Locality: Blake Mountain, 
3 ,to 4 miles south of Arbacoochee, Cleburne County, 
Alabama. 

Siliceous-magnetite schist. Megascopically this is a 
^ne-grained siliceous rock of dark blue color. It is ir- . 
regularly banded by alternating layers of magnetite and 
vitreous quartz. Small crystals of garnet form *'knot- 

*tJnpublished Tallapoosa and Carters ville folios. 

tSee also Geological Map of Alabama, published in 1884, where the 
area is also shown. E. A. S. 

i A microscopic examination of a specimen from Owl Greek, 2 miles 
south of Lovingood's Bridge, Cherokee County, Ga., shows it to be 
on acid effusive rock. Prof. Williams described a porphyry from the 
''Archaean Area of Georgia near Tennessee*' in American Journal of 
♦^oience. Vol. 7, No. 6, p. 57, July, 1893. 
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«fn" on the cleavage surface of the schist. A rough se- 
paration of the magnetite and quartz, gave about equal 
volumes of each. 

A microscopic examination confirms the above, and 
- proves that quartz and magnetite are the essential min- 
erals of the rock. The quartz occurs as a fine mosaic 
of interlocking grains. Much of it is presumably of 
elastic origin. Some of the quartz has, what is appa- 
rently, an inner clastic grain, which has been enlarged 
by a secondary deposition of quartz, oriented in optical 
continuity with the original grain. Secondary quartz 
also occurs as interstitial deposits between the original 
grains. Magnetite occurs sparingly as octahedral crys- 
tals, but usually as irregular masses and very fine 
grains. Magnetite is in many cases included in the 
secondary quartz as fine grains. Some of the magnetite 
is surrounded by a zone of leucoxene, which suggests 
that it is probably titaniferous. No garnets were ob- 
served in the thin sections. 

This rock is part of a metamorphic zone which has 
been mapped by Dr. C. Willard Hayes, U. S. Geological 
Survey, as crossing the southeast corner of the Anniston 
sheet near Micaville . *This zone consists of garnetif er- 
ous, siliceous, and kyanite schists, and Jis probably a 
part of the younger clastic series, f* The metamorphism 
may be regional but the proximity of large intrusive 
masses of diorite rocks, suggests a local cause. 



GNEISSES. 
Under this heading I have grouped the rocks which 



*I am indebted to Mr. Hayes, of the U. S. Geological Survey, for 
the use of his notes on the unpublished Anniston and Tallapoosa 
folios, and for much general information in regard to this region. 

tThe Geological ]\£ap of the State, published in 1894, shows with 
approximate accuracy, the position of this zone which is part of the 
Talladega slate series. E. A. S. 
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have no very close affinities but all show a gneissoid 
structure. , 

No. 1. (100a and 100b) Locality : Country rock from 
Arbacoochee, Cleburne C9unty, Alabama. Biotite-chlO' 
rite gneiss. Megascopically, the hand specimen shows 
this to be a grey-green colored rock, having a rather in- 
distinct foliation. The foliation is produced by seams 
of dark green minerals which are mostly chlorite and 
biotite. Quartz and feldspar occur id irregular masses, 
which are somewhat elongated, and roughly parallel. 

The microscope discloses a rock made up of feldspar 
(plagioclase?) largely replaced by secondary minerals : 
quartz, much of which is secondary ; biotite partly al- 
tered to chlorite ; a few scattered grains of augite : epi- 
dote, and a little muscovite. 

Where the outline of the feldspars can still be traced 
they appear as tabular idiomorphic crystals. Much of 
the feldspathic material is replaced by quartz, as mo- 
saics of interlocking grains, or by epidote and zoisite. 
Faint traces of either lamellar twinning or Karlsbad 
twinning can usually be observed in the altered felds- 
par. Under crossed nicols the outline of the original 
feldspar is often entirely lost, for there is a gradual 
merging into the groundmass. In some cases a zone of 
clear fresh-looking feldspathic material surrounds the 
altered feldspar phenocryst. This outer rim, which 
must be a secondary enlargement, shows no twinning 
and is probably albite. The original rock seems to have 
contained plagioclase and orthoclase in about equal pro- 
portions. 

Quartz occurs as irregular mosaic patches of inter- 
locking grains, which are probably recrystallizations of 
the silica of single quartz individuals, or replacements 
of feldspars. 

The groundmass consists of allotriomorphic grains of 
quartz interwoven by irregular stringers of biotite and 
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chlorite. Biotite and chlorite also occur ia larger mass- 
es, which are always elongated and have a rough paral- 
lelism, thus giving the rock its foliated structure. Epi-* 
dote occurs in the groundmass, and also as a secondary 
mineral after plagioclase, in small prisms. The zoisite, 
secondary after plagioclase, occurs as very fine grains 
and granular aggregates. This rock probably belongs 
with the gneisses of the basal complex, although the 
typical gneiss differs from this in having a granular in- 
stead of a porphyritic structure. 

No. 14b. (114a and 114b) Locality: 1 mile north of 
West Point, Georgia, in Chambers County, Alabama. 

Biotiie-gneiss : Megascopically, this is a gray and 
white banded rock ; the dark bands consisting of biotite 
and a ferro-magnesian silicate, and the light bands, of 
white feldspar and glassy quartz. 

A microscopic examination shows the rock to consist 
essentially of quartz, biotite, feldspar, and hornblende. 
It has an orignal granular structure, with a secondary 
foliated structure .The segregation of the basic minerals 
into parallel zones gives it the banded appearance. 

The quartz and feldspar occur in allotriomorphic 
grains, and individuals. Except some of the fine quartz 
grains, which are probably secondary, both quartz and 
feldspar are cataclastic. All of the feldspar shows poly- 
synthouic twinning. 

Biotite and green hornblende are present in about, 
equal proportions and are closely associated. Biotite 
occurs in irregular shreds and plates, and the hornblende 
in deformed prismatic crystals. As an accessory con- 
stituent there are present a few grains of augite, and 
considerable brown tourmaline in small grains. A little 
chlorite is found in the rock as a secondary mineral after 
biotite. 

The locality of this specimen is so isolated that a 
lithologic correlation can be of little value. It bears a 
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close resemblance, however, to the specimens of gneiss 
which were collected from the basal complex of Cleburne 
County, Alabama, and Carroll, Cobb, and Cherokee 
Counties, Georgia. The rock in question (14b) differs 
from the other gneisses in respect to the predominating 
ferro-magnesian silicate. In this specimen from Cham- 
bers County (14b), hornblende is very plentiful, while 
augite is only an accessory mineral. In the other 
gneisses, from the region farther north, augite predomi- 
nates very largely over hornblende. 

Nos. 15 and 16. (115a, 115b, 116a, 116b.) Locality: 
Wright's Mill, near Auburn, Lee County, Alabama. 

Augen Gneiss. — Megascopically the rock consists of » 
dark groundmass of mica, filled with augen of quarta 
and feldspar. The augen are either lenticular, or drawn 
out to thin seams. They vary from two inches to micro- 
scopic in diameter. 

Microscopic examination shows that this rock contains 
quartz and feldspar, as minerals forming the augen, and 
biotite, chlorite, and epidote in the groundmass. 

The quartz, where it is not completely granulate, 
gives wavy extinction, except in a few cases, in which i% 
seems to be secondary. The feldspar is for the most 
part plagioclase, but a few large phenocrysts of orthoclase, 
showing Karlsbad twinning, were also observed. Struc- 
turally the augen are of two kinds. First, those formed 
of single mineral individuals ; and second, those formed 
of an aggregation of minerals. The extreme mechanical 
deformation that this rock has undergone, is well showa 
by the granulations and alterations to which the augen 
have been subjected. In many cases the phenocrysts of 
feldspar or quartz , have been granulated on opposite 
sides, corresponding to the direction of the schistosity, 
and the material thus formed has been drawn out into a 
lenticular-shaped mass, with the solid portion of the 
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minerals as a nucleus. In other cases the original pheno- 
cryst has been entirely granulated, and the material thus 
formed has been drawn out into a lenticular-shaped 
mass, or sometimes even into a mere thread. 

In many cases the augen ar^ not phenocryst, but are 
probably parts of the original rock, which have been 
separated by the lines of shearing, now marked by the 
groundnvass of biotite and chlorite. These composite 
augen have the same lenticular shape and granulated 
boundaries as the simple augen. The composite augen 
have a holocrystalline structure and are composed chiefly 
of plagioclase feldspar, with some orthoclase and quartz, 
and a little biotite and epidote. It is possible that they 
are not fragments of the original rock, but are the results 
of the recrystallization of the feldpathic material, of sin- 
gle phenocrysts. 

The groundmass of the rock consists chiefly of biotite, 
which has been greatly squeezed , and bent to conform to 
the countour of the augen. A little chlorite is associated 
with the biotite. Grains of epidote are scattered through- 
out the groundmass. Small lenticular grains of quartz 
are also found in the gr.oundmass. 

As in the case of the last described specimen, the lo- 
cality of this rock is too remote from that at which any 
other material was collected, to make a lithologic com- 
parison of any interest. Before its mechanical deforma- 
tion it seems to have been a basic or intermediate por- 
phyritic rock. The j)resent dark silicates of the rock are 
probably all secondary, and afford little information as 
to its original mineralogical composition.* 



IGNEOUS ROCKS. 
The rocks of the metamorphic area of Alabama, and 
♦See also Dr. Clements' description of the same rock, E. A. S. 
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the adjacent portions of Georgia, have been exposed to 
the disintegrating atmospheric agencies during two 
periods of base leveling, and are therefore deeply weath- 
ered . The petrographical investigation of these rocks is 
attended with difficulties, for it is seldom that specimens 
can be secured from below this zone of weathering. 

Nearly all the rocks examined by me from this region , 
contained an abnormally high percentage of quartz. In 
-many cases a part of the quartz is plainly secondary, 
being deposited subsequent to the deformation of the 
rock ; while in other cases , the existence of two genera- 
tions of quartz seemed probable, though positive evidence 
was wanting. The source of the silica of the secondary 
quartz can usually be traced to the breaking down of the 
silicates of the feldspars, but in some instances it seems 
to have been derived from infiltrating solutions. In the 
basic rocks, secondary quartz is frequently accompanied 
by calcite. The kaolinization of th^ feldspars and chlo- 
•ritization of the dark silicates are among the most fre- 
quent observed phenomena, accompanying the weather- 
ing of these rocks. 

Besides these superficial alterations, many of the 
igneous rocks of the region have been subjected to the 
metasomatic and paramorphic changes which accom- 
panied the mechanical deformation of the province. A 
rock which has suffered these various phases of meta- 
morphism is frequently entirely altered, both as to chem- 
ical composition, and physical structure. The deter- 
mination and classification of the igneous rocks of the 
region, is therefore, a difficult problem. 



ACID ROCKS. 

Granite is the prevailing type of acid rock, and in fact 
the only one which has thus far been definitely det^r- 
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mined. Some rocks which have been classed as granites 
may prove to be syenites, their quartz being secondary. 
There are also, in the region, some aplite dikes which 
are apophyses from larger granite masses. 

The granites have two distinct phases, between which, 
however, there are intermediate types. 

The more acid granite is made up of quartz, ortho- 
clase, microcline, muscovite, and biotite, with very lit- 
tle lime soda feldspar, together with accessory minerals.^ 
The more basic type is an aggregate of quartz, ortho- 
clase, microcline, with considerable plagioclase, and 
biotite, hornblende, together with accessory minerals.* 

Of the twenty specimens sent by Dr. Smith, fifteen 
were classed as igneous or altered igneous rocks, and of 
these only one is an acid rock . 

No. 17. (117a and 117b). Locality : 3 miles west of 
Loachapoka, Lee County, Alabama. 

Qranite, — This rock shows a typical granite structure. 
Pink feldspar, glassy quartz, and biotite can be distin- 
guished megascopically. 

Microscopically, the rock has granular structure 
and the mineral constituents are all allotriomorphic. 
The feldspars are chiefly potash-feldspars, both ortho- 
clase and and microcline being present. The orthoclase 
shows no twinning, while the microcline shows the 
double twinning, giving the characteristic cross hatched 
structure. A multiple twinning feldspar which is pres- 
ent in limited quantities is probably albite. The feld- 
spars when not too much decomposed show more or less 
cataclastic structure. 

The quartz of the granite, which occurs in irregular 
masses, is much fractured and gives wavy extinctions. 

*The rock from Stone Mountain, Georgia, is an example of this 
granite. The occurrence described by C. W. Purington, in The 
American Geologist, Vol. XIV, p. 105. August, 1894. 
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Biotite is uniformly distributed through the rock, as 
small scales and plates. Magnetite occurs sparingly as 
accessory mineral. Muscovite and kaolin are present as 
decomposition products of the feldspars. 

This granite belongs to the more acid type described 
above. Mineralogically this granite is quite similar to 
one collected by Mr. Hayes near Mount Zion, Carroll 
County, Georgia. The Mt. Zion granite has, however, 
been subjected to mechanical deformation, which has 
given it a secondary parallel structure. 



BASIC ROCKS. 

The greater part of the basic rocks of the region can 
be embraced under the field terms, ''greenstones,'' and 
"greenstone schists.'' These rocks are even more liable 
to alteration by atmospheric agencies than the acid 
rocks, and are correspondingly difficult to determine. 
In the collections made by Mr. Hayes and myself, there 
are examples of diorites, gabbros, diabases, pyroxenites, 
together with many hornblende, chlorite, and epidote 
schists whose antecedents are more or less doubtful. 
This collection includes no olivine bearing rocks, but Dr. 
Smith* has described an olivine rock from near Nota- 
sulga, Alabama. t 

The talc (soapstone) slates which are nut uncommon 
in this metamorphic area, are probably alteration pro- 
ducts of very basic rocks, but as far as I know they have 



♦Outline of the Geology of Alabama. 

tThis is the Ossipyte described by Prof. Hawes, No. 22 of his list. 
Other olivine-bearing rocks see the notes of Dr. Clements on speci- 
mens No. 17, 18, 19, and 23, and also on the specimen from near Gold 
Hill, in Lee county, No. 35. E. A. S. 
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received no petrographical study . The rocks associated 
with the corundum deposits are also of very basic 
nature.* 

The basic rocks of Alabama have been described by 
Dr. Smith and his assistants as hornblendic gneiss, horn- 
blende schist, diorite, talcose slate, steatite and chloritic 
schists, in the various publications of the Survey. In 

*See Bulletina 1 and 2, Geological Survey of Georgia. 
Georgia* McCallie and King have classed the basic rocks 
as hornblende gneisses, hornblende rocks, periodo- 
tites,etc. 

Like the acid rocks, the basic rocks are characterized 
by a high percentage of quartz, most of which is plainly 
secondary. In at least one instance an isotropic sub- 
stance was observed which resembled opal.f The other 
secondary minerals observed are calcite often present in 
large quantities, hornblende and uralite, albite (?) 
(No. 5), epidote, zoisite, chlorite, leucoxene, garnet, and 
spene. Two examples of saussurite gabbro have been 
recognized t. 

It is evident that the above list includes both the sec- 
ondary minerals which are the result of dynamic meta- 
morphisnh, and those which owe their existence to at- 
mospheric action, or weathering. 

Regarding the occurrence of the basic rocks, as far as 
our present knowledge goes, they are all intrusive. 
They occur as dikes, and larger intrusive masses, in 
both the older and younger series, the larger masses, 
however, seem to be confined to the basal crystalline 
series. As these basio rocks show wide differences in 
their relative amount of metamorphism, it is probable 
that there was more than one period of intrusion. As 

♦Preliminary Report on the Corundum Deposits of Georgia, by 
Francis P. King, Geological Survey of Georgia, Bulletin No. 2, 
pages 71-4, 80. 

tNo. D 6. Chestnut Gap P. O.. Gilmer Co., Ga. 

$Nos. D 7 and D 11, from near Allatoona, Bartow Co., Ga. 
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yet the relative ages of the diflferent types of basic rocks, 
have not been determined. In general the basic rocks 
occur in broad belts which have considerable extension 
along the strike. Such a belt has been mapped by Mr, 
Hayes and his assistants extending through Cobb, Pauld- 
ing, into Carroll counties, Georgia, and judging from 
specimens sent me by Dr. Smith, it extends into Ran- 
dolph county, Alabama. 

Until more material has been collected, with the end 
in view of tracing one phase of a rock into another (for 
example from massive to schistose) the classification of 
these basic rocks must be more or less arbitrary. For 
convenience of description I have divided them into 
schistose and massive rocks . The term schist is used in 
a relative sense only, for as a matter of fact nearly all 
these basic rocks have a more or less well marked 
cleavage. 

Diorites . 

Diorites are the most common basic rocks of this re- 
gion. They occur as dikes in the younger series, and as 
dikes and larger intrusive masses in the basal crystalline 
series. There are two main types :* The quartz diorites 
in which quartz is a prominent mineral, and 'the ordin- 
ary diorites, in which it plays only a secondary part. 
We are here again confronted with the difficulty of de- 
termining which is primary, and which is secondary 
quartz, but it seems probable that the quartz diorite type 
predominates in the region. Dr. Smith sent me one 
each of these two types. 

It should be noted that in these altered rocks it is not 
always possible to determine whether a rock should be 
classed as a diorite, or as an epidiorite. The alteration 
of augite to compact hornblende and uralite is a common 

*It should be noted that no chemical analyses have been made of 
these rocks, and the percentage of silica may prove to be so high that 
they can not be classified as basic rocks. 
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paramorphic change, and with limited amount of mate- 
rial, it is often not feasible to determine whether the 
amphibole be primary or secondary. As a temporary 
expedient, therefore, I have classified the rocks showing 
little or no ophitic structure, and in which the feldspar 
is an acid labradorite, as diorites, unless the amj)hibole 
is plainly secondary after augite. The rocks which had 
a marked ophitic structure, and whose feldspar was the 
more basic labradorite, I have classed as diabases, or 
epidiorites as the case may be. 

No. 14a. (113a and 113b) Locality seven or eight 
miles north of Columbus, Georgia, in Lee county, Ala- 
bama. 

Diorite. — Megascopically a green and white speckled, 
medium grained rock, in which hornblende, feldspar and 
quartz can be distinguished. 

Microscopic examination shows this to be an even 
grained holocrystalline rock, whose original structure 
has been more or less defaced by a secondary parallel 
structure. It is made up of green hornblende, plagio- 
clase, quartz, a little augite, and epidote and calcite, as 
secondary products. Some of the plagioclase occurs in 
tabular crystals, and these together with the hornblende 
suggest an ophitic structure. 

The plagioclase is well twinned and the lamellae give 
a maximum extinction of about 30 deg., indicating 
labradorite. The augite is associated with hornblende. 
The quartz occurs in small, clear, lenticular grains. A 
few irregular patches of epidote and calcite were observed 
in the slide. 

No. 18. (118a, 118b and 118c) Locality, Ragan's 
Old Mill, Lee county, Alabama. 

Quartz-diorite. — This is a dark green, schistose rock, 
in which hornblende and feldspar can be distinguished 
megascopically. 
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Microscopically the chief constituents are seen to be 
green hornblende, plagioclase and quartz. The rock is 
holo-crystalline, and has a secondary parallel structure. 
Hornblende is the predominating mineral and it occurs 
in elongated allotriomorphic masses. The feldspar is 
the oldest constituent and it has a tendency to assume 
lath-shaped crystals. It is well twinned and the lamellae 
extinguish at about 30 deg. as a maximum, indicating 
a labradorite. The twinning according to albite law is 
frequently accompanied by both Karlsbad and pericline 
twinning. 

Quartz occurs in irregular patches, much fractured 
and giving wavy extinction, and is probably a primary 
constituent of the rock. It is also present in larger 
masses, showing no cataclastic structures, and this is 
evidently a secondary constituent of the rock. 

Hornblende Scliists. 

This embraces a series of schistose rocks, consisting 
chiefly of quartz and hornblende, with often some plagi- 
oclase, and usually some augite. They are probably 
alteration phases of diorites and quartz diorites. 

No. 7. (106a and 106b) McDiarmid Old Place, near 
Brownsville, Clay county, Alabama. 

Hornblende-schist. — Megascopically this rock is of dark 
green color. Crystals of green hornblende occur in an 
aphanitic ground mass. 

Microscopic examination shows that the essential min- 
erals of this rock are green hornblende, quartz, musco- 
vite, and epidote. The hornblende occurs in irregularly 
bounded masses, scattered through a groundmass, con- 
sisting of quartz, rauscovite and epidote. 

The groundmass consists of lenticular quartz grains 
interwoven by shreds of muscovite. Epidote occurs as 
scattered grains and granular masses. Calcite occura 
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sparingly in small masses. It is interesting to note the 
presence of muscovite which was not observed in any 
other of these schists. 

No. 10 (109a and 109b). Locality, two miles west of 
Idaho, Clay county^ Ala. 

Hornblende-schist , — Megascopically, this is a fine 
grained dark green rock. Prismatic crystals of horn- 
blende can be distinguished, and smaller grains of quartz 
and feldspar. ^ 

Microscopic A rock made up of pale green horn- 
blende, augite, plagioclase and .quartz. The hornblende 
occurs in elongated masses arranged parallel. Augite is 
associated with the hornblende. Plagioclase is not very 
plentiful, and occurs as tabular crystals. The feldspar 
shows multiple twinning, but the determination of it is 
unsatisfactory. Epidote is scattered through the rock 
in small grains. Quartz occurs in lenticular grains and 
seems to be entirely secondary. 

No. 19 (119a and 119b). Locality, one mile south 
of Double Bridges Ferry, Elmore county, Ala. 

Hornblende-schist. — Megascopically, this rock is of a 
dark green color, and has almost a slaty cleavage. When 
broken across the cleavage it is seen to be a finely band- 
ed crystalline schist. Dark bands of prismatic crystals 
of hornblende and chlorite alternate with light bands, 
composed chiefly of fine grains of quartz. 

Microscopic. The thin section discloses green hoi'n- 
blende quartz and a little augite to be present. The 
hornblende occurs in prismatic crystals which have a 
rough parallelism and are partially altered to chlorite. 
The quartz occurs as irregular, interlocking grains. A 
few grains of augite were observed scattered through 
the section. Considerable magnetite is present in irreg- 
ular shaped masses, and octahedral crystals. 
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Diabases. 

Under this heading I have grouped diabases, quartz 
diabase, epidorite, and some schists which are plainly 
mechanically deformed phases of these rocks. The 
quartz diabase seems to predominate in the region, but 
we are here again involved in the diflBculty of distin- 
guishing between the primary and secondary quartz. 

No. 13. (112a and 112b) Locality, two miles south- 
east of Fredonia, Chambers county, Ala. ^ 

Epidiorite. — Megascopically, this is a medium coarse 
grained rock, made up of dark green hornblende, white 
feldspar and quartz. 

Examination of thin section shows the rock to be made 
up of hornblende, augite, plagioclase, quartz and epi- 
dote. The minerals are all arranged more or less par- 
allel, and the original structure of the rock has been de- 
faced. Except the plagioclase, which shows a tendency 
to crystallize in tabular form, the minerals are all allo- 
triomorphic. 

The hornblende is of a pale green color, and is plainly 
derived from the augite. The transition from augite to 
hornblende can be observed in the thin section. 

The plagioclase, which is not very plentiful, shows 
albite twinning, but the determination is unsatisfactory. 
Quartz occurs as an alteration product in small irregu- 
lar grains . 

Epidote is the most plentiful mineral. It seems to be 
an alteration product of both the feldspar and the ferro- 
magnesian silicates. 

No. 11. (110a and 110b) Locality, near Louina, 
Randolph county, Ala. 

Diabase-schist. — Megascopically a finely banded rock. 
Dark bands of green hornblende alternate with light col- 
ored bands of pink feldspar. 
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Microscopic examination shows this rock to be made 
up of pale green hornblende, plagioclase, with a little 
quartz and augite. The original structure of the rock 
has been entirely, destroyed by the mechanical deforma- 
tion. The hornblende occurs in irregular elongated 
masses, having a rough parallelism. The augite is 
closely associated with hornblende . 

The plagioclase occurs in patches of mosaic inter- 
growths, which are probably formed by secondary recrys- 
tallization of the feldspar. With it is associated a little 
quartz. The albite * twinning is rather inconspicuous, 
and the determination of the feldspar unsatisfactory, 
but it probably belongs near the basic end of the lime- 
soda-feldspar series. Epidote is scattered through the 
rook in small grains. 

No. 12. (Ilia and 111b) Locality, one and one- 
fourth miles north of Fredonia, Chambers county, Ala- 
bama. 

Quartz-diabase. — Megascopically this is a dark green 
holocrystalline rock. Dark green hornblende, white 
feldspar and glassy quartz can be distinguished in hand 
specimens. 

A microsdopic examination reveals a rock with par- 
tially defaced ophitic structure,, consisting of hornblende, 
plagioclase gfnd quartz. The rock has a parallel struc- 
ture induced by the mechanical deformation. The pla- 
gioclase exhibits a tendency to form tabular crystals. 
The lamellae give a maximum extinction of about 40 
degrees, indicating a basic labradorite. The hornblende 
occurs in irregular allotriomorphic masses, which often 
enclose the felds|)ar crystals. The hornblende is dark 
green, and shows an extinction of about 20 deg. The 
hornblende is partly altered to chlorite. Quartz occurs 
in irregular grains, which, like* the feldspar, are cata- 
clastic. Small grains of epidote are scattered through 
the rock. 
13 
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No. 3. (102a) Locality, Oakfuskee, Riddle's Bridge, 
Alabama. 

Qibartz-diabase-schist — Microscopic* Int hin section of 
this is seen to be a holocrystalline rock, An which a sec- 
ondary foliation has been produced by mechanical de- 
formation. It consists essentially of pale green horn- 
blende (partially altered to chlorite), plagioclase, quai'tz, 
which is probably mostly secondary, with a little augite 
and zoisite. 

The feldspar, which is probably anorthite, occurs in 
broken and partially replaced crystals, which were orig- 
inally tabular. The hornblende occurs in irregular 
masses elongated parallel to the foliation. The original 
structure of rock was evidently ophitic. 

Quartz occurs in small irregular patches all through 
the slide, often replacing in part the plagioclase crystals. 
MuQh of the quartz is fissured and gives wavy extinc- 
tion. If this cataclastic quartz is secondary, it must 
have been formed previous to the mechanical deforma- 
tion of the rock. The zoisite occurs as granules and 
prisms all through the rock. Epidote occurs sparingly 
in slide as small granular masses and scattered grains. 



Pyroxenites, ^ 

The two rocks under this heading are characterized 
by the entire absence of feldspar and quartz. One of 
them is plainly a partly altered and squeezed pyroxenite. 
The other, which I have called an amphibolite, is made 
up chiefly of uralite, which is probably paramorphio 
after augite. 

No. 9. (108a and 108b) Locality, Sec. 1, T. 24, R. 
20 E., near Good water, Coosa county, Ala. 

*Hand specimen of this rock was lost. 
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Pyroxene-epidote-schist — Megascopically, this is a pale 
green rock, on the fresh fracture 6i which the glittering 
surfaces of crystal faces can be seen. These crystals are 
of a light greien color, and are contained in similarly col- 
ored groundmass. 

Under the microscope the rock is seen to consist of 
pyroxene partly altered to epidote. In the slide no defi- 
nite crystalline outline can, as a rule, be made out, but 
it seems to have originally been an intergrowth of pris- 
matic crystals. 

No. 8. (107a and 107b) Locality, D. C. Carmichael, 
near Brownsville, Clay county, Ala. * 

Amphibolite. — Megascopically, the rock is of light green 
color, and much resembles the chlorite schists previously 
described. The examination of thin section shows it to 
consist essentially of a holocrystalline intergrowth of a 
pale green hornblende. A little augite occurs with horn- 
blende. Some of ths hornblende has been altered to 
chlorite. Quartz and feldspar are entirely wanting in 
this rock. 

Chlorite and Epidote Schists. 

This group includes all the most highly altered basic 
rocks' of the region. Megascopically they are soft green- 
ish rocks which often have a slaty cleavage, and can 
easily be mistaken for elastics. The microscopic study 
of a series of specimens of the schists show them to be 
of undoubted igneous nature. They are usually found 
to contain some secondary quartz, and often contain 
remnants of a feldspathic constituent. They are prob- 
ably derived from the diorites and diabases, and from 
the most basic rocks. 

No. 4. (103a and 103b) Locality, three-fourths 
miles southwest of Chandler Springs, Talladega county, 
Alabama. 
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Chlorite schist. — Megascopically , this is an aphaaitic 
rock, having a light green color and an imperfect cleav- 
age. 

Microscopic. In thin section the microscope discloses 
a rock made up of hornblende, chlorite and zoisite. The 
chlorite occurs as plates with irregular outline, and as 
fibrous masses. The zoisite occurs as granules and 
prisms. A few grains of quartz were observed in sec- 
tion. The hornblende is pale green, and occurs in small 
fibrous masses. 

No. 5. (104a and 104b) Locality, one mile south of 
Ooleta, Clay- county, Alabama. 

Chlorite-epidote-schist. — Megascopically, the rock is of a 
light green color. Rounded phenocrysts of quartz and 
feldspar (chiefly quartz) are seen enclosed in a ground- 
mass of light green color. 

' The microscopic examination shows it to be a highly 
metamorphosed rock, made up almost entirely of second- 
ary minerals. It consists essentially of quartz, epidote, 
chlorite and zoisite. 

Tabular crystals of what were once phenocrysts of 
feldspar are scattered through the rock. In several of 
these phenocrysts a little of the polysynthetic twinning 
feldspar was observed, but for the most part th6 feld- 
spars have been entirely replaced by mosaics of inter- 
locking quartz gi'ains, or by aggregations of quartz, epi- 
dote and zoisite. 

The groundmass of the rock consists of an aggregation 
of epidote, chlorite, zoisite and quartz. The chlorite 
occurs in irregular stringers, and the epidote usually 
intergrown with zoisite. Less frequently epidote occurs 
as separate masses and filling cleavage cracks. The 
epidote and zoisite seems to be secondary after augite, 
for a few unaltered augite grains were included in these 
aggregations of secondary minerals. 
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The quartz occurs as mosaics with irregular bounda* 
ries, and as small veins, cutting all the other minerals. 
*^There seems to have been an infiltration of quartz after 
the foliation of the rock. This would make two gener- 
ations of quartz. First, that formed during the meta- 
morphism of the rock, and ^second, that of secondary 
infiltrations after the foliation of the rock. There is also 
the possibility that the rock contained some primary 
quartz. The plagioclase feldspar noted above is prob- 
ably the only primary constituent which the rock now 
contains. The rock is probably an altered diabase, 
which has been subjected to extreme metamorphism. 

No. 6. (105a and 105b) Locality, Brownsville, Clay 
county, Ala. 

Chlorite-epidote-schist. — Megascopically, this rock is of 
a light green color and of fine texture. The mass of the 
rock is made up of soft green mineral. Small flakes of 
muscovite are scattered through it. 

Microscopic examination shows it to be a fine grained, 
foliated rock, consisting essentially of quartz, chlorite 
and epidote. Quartz occurs in lenticular grains which 
have a wavy extinction. Chlorite occurs in fibrous ag- 
gregates, arranged more or less parallelly, giving the 
rock imperfect cleavage. 

Epidote is intimately associated with chlorite as grains 
and granular masses. Several irregular shaped masses 
of calcite were observed, and also a little zoisite associ- 
ated with epidote. The rock also contains considerable 
muscovite in small plates. 

It is interesting to note that section No. 105a contained 
one irregular mass of magnetite, for there is striking 
absence of that mineral in most of these rocks. 
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Dear Sir : — I have the honor to submit herewith, as part of my 
biennial report, 1898-9, a report upon the clays of Alabama by Dr. 
Heinrich Ries. While the investigations of Dr. Ries here recorded 
have been confined to the northern half of the State, and mainly to 
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most accessible of our clay deposits. The kaolins of the granite re- 
gion lie at a distance from railroad lines, and the discussion of these 
and of the clays of the more recent formations, in the lower half of 
the State, will be taken up in a second bulletin. 

The present report shows that our clay resources include every 
variety, ranging from the best of china clays downward, and there 
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our own borders and upon our own ground. 

Very Respectfully, 

Eugene A. Smith. 
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PREFACE. 



Clay is one of the most abundant materials found in 
the earth's crust, and occurring as it does in every 
country, in almost every geological formation from 
nearly the oldest to the youngest^ and frequently in 
positions easy of access, it is not to be wondered at 
that these conditions, aided by the peculiar properties 
which it possesses, have caused this material to be- 
come one of the most useful and valuable products ot 
the earth. 

The value of clay is still more readily understood 
when the statistics of ^ts production are known. Thus 
in 1897, the total value of clay products made in the 
United States alone was $60,911,641.00, distributed 
as follows : 

Common brick $ 26,353,904 

Pressed brick 3,931,336 

Vitrified paving brick 3,582,037 

Ornamental brick 685,048 

Fire brick 4,094,704 

Drain tile 2,623,305 

Sewer pipe 4,C69,534 

Terra cotta 1,701,422 

Fire proofing 1,979,259 

Tile other than drain 1,026,398 

Miscellaneous 1,413,835 

Pottery 9,450,859 

Up to the present time the rank of Alabama as a 
clay producing state has not been very high, owing 
largely to the lack of information concerning its clay 
resources, and in the following report an endeavor has 
been made to furnish as much information as possible 
concerning the characters of many of the Alabama 
clays. 

Heinrich Ries. 
March 1, 1900. 



' GENERAL D.1SCUSS10N OF CLAYS, 

By Heinbich Ries. 



ORIGIN OF CLAY. 

Clay is to be met almost every where, and while it 
varies in form, color and other physieial properties, 
nevertheless it always forms a pasty or plastic maas 
when mixed with water, by virtue of which it may be 
molded into any shape, which it retains when dried; 
furthermore when exposed to a high temperature it 
hardens to a rock like mass. These two properties, 
the plasticity and the hardening when burnt are what 
make clay of such inestimable value tio man. 

Pure clay or kaolin is composed entirely of the min- 
eral kaolinite, which is a hydrated silicate of alumina. 
It rarely happens, however, that clay is perfectly pure, 
for owing to the nature of its formation from another 
rock as will be explained later, it is very apt to have 
other minerals mixed in with it. These foreign min- 
erals may sometimes be present in such quantities as 
to completely mask the character of the kaolinite. 

We can therefore define clay as a mixtureof kaolin- 
ite with more or less quartz and other mineral* frag- 
■ ments, especially feldspar and mica, the whole posses- 
sing plasticity when mixed with water, and becoming 
hard when burned. 

V The so called flint clays form an exception to the 
above, for while they often approach pure kaolin in 
composition, still they are almost devoid of plasticity 
when ground and mixed with water. 

Kaolinite is a secondary mineral resulting from the 
decomposition of .feldspar. The feldspars are a group 
of silicate minerals of ^ather complex composition. 
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with orthoclase, the potash feldspar, serving as the 
type of the group, as well as being the commonest 
species. 

Under the influence of chemical action, which may 
be the result of weathering or in some cases probably 
of acid vapors ascendning from the interior of the 
earth, the feldspar becomes decomposed, and the result 
of this is that the potash of the feldspar is removed 
partly in the form of solube carbonate, or perhaps 
silicate, or even fluoride, while the alumina and silica 
remain and unite with water to form the hydrated 
silicate of alumina, kaolinite, whose composition is 
expressed by the formula Alg O3, 2SIO2, 2H2O., or 
in the proportion, of silica, 47.30 per cent. ; alumina, 
39.80 per cent. ; water 13.90 per cent. 

The change can be illustrated still better by the fol- 
lowing in which the first column Indicates, the com- 
position of the feldspar, the second the amount of 
water taken up in the process of decomposition, ther 
third, the amount. of matter removed in solution, andi 
the fourth the relative amounts of the three ingredi- 
ents of kaolinite. 

Feldspar. Added. Disaolyed out. Kaolinite. 

Alumina 18.3 0.0 18.3 

Silica 64.8 .... 41.8 23.0 

Potash 18.9 .... 1«.9 

Water 6.4 .... 6.4 

Many clays approach quite closely to kaolinite in 
their composition, and in some the percentage of 
alumina even exceeds the theoretic amount, by one or 
two per cent., and is evidently not due to errors of an- 
alysis. 

It has been suggested by some that this may be due 
to the presence of a certain ainount of phol^te, the 
amorphous variety of kaolin,* and while this is pos- 
sible the same comi)Osition might be shown by a cer- 
tain amount of bauxite or alumina hydrate mixed in 
with the clay. 



• Wheeler, Clasrs of Missouri, Missouri Geological Survey, XI. 
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None of the Alabama clays thus far analyzed indic- 
ate this exceptional comi)osition. 

Knowing the mode of origin of kaolinite it will at 
once be seen that the purity of the kaolin depends on 
the nature of the parent rock. Feldspar often forms 
large veins of considerable purity^ and nearly free 
from other associated minerals, and its decomposition 
in such cases would give rise to deposits of pure or 
nearly pure kaolin. In point of fact the purest clays 
known have with few exceptions been formed in this 
manner. More frequently quartz and mica are com- 
mon accessory minerals, and remain intermixed with 
the kaolinitie, both of them being more resistent to 
weathering than the feldspar. When these or other 
minerals ocoar in the kaolin they have to be separated 
from it as much as possible by washing. 

Clays, which occur at or close to the locality in 
which they have been formed, are called "residual 
clays". They represent some of the purest types of 
clay known as well as the most impure. The upland 
region of the Southern States is underlain by a great 
area of feldspathic, granitic and gneissic rocks which 
have decomposed to a ferruginous clay of residual 
nature, and one that is used extensively in the Soutih 
for the manufacture of common brick. 

In the general wearing down of .the land surface 
which is continually taking place the particles of 
residual clay are washed down into the lakes and 
oceans and deposited there as sediments, thus giving 
rise to what are known as sedimentary clays. They 
are usually far more plastic than the residual clays, 
especially the purer ones. 

From the nature of their formation, we should sel- 
dom look for kaolins of sedimentary origin, and when 
they do occur they have probably been derived from 
large areas of very feldspathic rock or possibly from 
limestones which had an appreciable percentage of 
silicate of alumina in their composition, in which case 
the lime carborate would be carried oflf in solution, 
and the clay components of the rock be left behind as 
an insoluble residue. It is seldom that sedimentary 
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clays exhibit such remarkale purity as those from 
ChaJk Bluflf, Alabama, or the plastic ball clays of 
Florida. ^ 

The clays of the Cretaceous and Tertiary forma- 
tions, which underlie the Coastal Plain, as well as the 
Palaeozoic shales found in Alabama, are all of sedi- 
mentary origin. 

GEOLOGICAL STRUCTURE AND DISTRIBU 
TION OP CLAY DEPOSITS. 

BESIDUAL CLAYS. 

The mode of origin of these has already been ex- 
plained. They may occur either in the form of a broad 
mantle overlying the bed rock and showing a- variab*^^ 
thickness as well as extent, or they may occupy the 
position of a vein cutting across the str ke of the other 
rocks, or extending at times with the bedding or lami- 
nation of them. 

Residual clays are commonly made up of a mixture 
of angular grains which are chiefly undecomposed 
mineral matter, and clay particles which are mostly 
of sufficient fineness to remain suspended in watier for 
an almost indefinite period. There is also generally 
*i gradual transition from the fully formed clay at the 
surface to the f'^esh rock below, whose decomposition 
has given rise to the plastic mass above. 

The depth below the surface at which the unaltered 
rock is encountered may be as little as three to four 
feet, while in some regions where the surface has been 
little eroded, and decomposition has been active, the 
thickness of the residual clay may exceed one hundred 
feet. 

The structure of the parent rock such as stratifica- 
tion or lamination is at times often noticeable in the 
lower portion of the residual deposits, and in some 
cases it may even be preserved right up to the surface. 

Residual deposits of the vein type result commonly 
from the decomposition of veins of granite or feldspar. 
They vary in width, from a few inches to several hun- 
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dired feet, and their vertical extent depends in most 
cases on the depth to which the weathering action has 
progressed. 

Veins of kaolin seldom show great length, and when 
followed along the surface not uncommonly pinch 
out in both directions. They are often separated 
more or less sharply from the country rock, and this 
distinct line of demarkation is preserved even when 
the wall rock itself is decomposed. They* further- 
more frequently branch and at times contain lenses 
of quartz, which resist the weathering agencies and 
stand out in bold relief on the surface. It rarely pays 
to work a vein under six feet in width. 

Deposits of kaolin of the type just described should 
not be confused with sedimentary deposits of white 
clay, which are usually of a much greater extent 
than the vein formation. 

SEDIMENTARY OLAYS. 

These occur in the form of beds, which are either 
close to the* surface or interstlratified with other de- 
poses which have been accumulated in water, such as 
sandstone or limestone. They are not unfrequently 
interbeddied with coal deposits and many a coal seam 
has a fire clay floor. Sedimentary clays are, as a rule 
more homeogeneous than residual ones, and contain 
probably a greater portion of fine particles. They are 
also more plastic, and frequently contain much dis- 
seminated organic matter. Furthermore, they do not 
pass gradually into the underlying rock as residual 
clays do, and indeed bear no relation, in a genetic 
sense, to the rocks upon which they rest. 

When sedimentary clays become compressed by the 
weight of overlying sediments, they assume the 
character of hard or consolidated rock, and are known 
as shale. Shales therefore simply represent the finest 
clay sediment which has bcome consolidated. 

On grinding to a powder and mixing with water, 
shales become just as plastic as other clays. By 
mentamorphism, (that is heat and pressure developed 



8 GENERAL DISCUSSION OF CLAYS. 

by mountam making processes) taking plaice in the 
crust of the earth, a shale may lose its chemically com- 
bined water, dievelop a cleavage, and become converted 
into slate. It is then no longer possible to develop 
any plasticity in the material. 

It is not to be understood that all sedimentary clays 
are of a homogeneous structure throughout. Some 
beds may exhibit a wonderful similarity of comi)Osi- 
tion throughout extended areas, while again therL may 
be a wide variation in the character of any bed within 
narrow limits. Apart from this variation laterally, 
there may also be a vertical one "'n cases where the de- 
posit is made up of a nulmber of beds, one over ithe oth- 
er, each showing distinctive characters. With such oc- 
currences it is possible to obtain several different 
grades of clay from the same pit. Such conditions are 
apt to be the rule rather than the exception. 

A not uncommon phenomon in many of the coastal 
plain formations is the occurrence of large lenses of 
clay, free from grit surrounded by beds of sandy clay 
or even sand. 

DISTRIBUTION. 

Clays and shales occur in practically every geologi- 
cal formation with the exception of the oldest. Most 
of those which are older than the Oreataceous are 
hard and shale — like in their nature, while those 
of the Cretaceous and Tertiary on the other hand are 
usually soft and plastic, but deposits of Creataceous 
and also Tertiary shales are known. 

The geological age of a clay or shale ib no indication 
of its quality, and it is only of use at times for a means 
of comparison between two beds situated near each 
other, but even here it is not altogether a safe guide. 

The geological relations of the clays of Alabama 
are treated somewhat more in detail below in a separ- 
ate chapter. 

PROPERTIES OF CLAYS. 

These fall into two classes, i. e. (1) Chemical and 
(2) Physical. Two clays may correspond in their 
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widely in their physical characters, and therefore act 
entirely opposite when used for the manufacture of 
clay products. 

Pure clay or kaolin would be composed entirely of 
kaolinite, the hydrated cilicate of alumina. These 
two terms are often confounded and it is well to em- 
pahasize the fact that kaolinite refers to the mineral 
species, while the term kaolin is applied ito the mass. 
Pure kaolin has not thus far been found, although 
deposits containing as much as 98 per cent, of it are 
known, and the othe^* two per cent, consists of foreign 
matter. The kaolin therefore contains a variable 
amount of mineral -mpurities mixed in with the kao- 
linite or the clay substance, as it is some times called, 
and these impurities may affect both the chemical and 
the physical properties to a variable extent, depend^ 
ing upon the quantity and the kind of them present. 
The clay substance is always present but in a 
variable amount, and it stands in no direct relation to 
the plasticity, except in so far that the latter is lost 
when the combined water is driven off. 

The amount of clay substance in clays ranges from 
5 or 10 per cent, to 98.5 per cent. 

The chief impurities in kaolirf are quartz, feldspar 
and mica, but in other clays the number of mineral 
species present may indeed be large. 

CHEMICAL PKOPERTIES. 

The chemical composition of a clay directly influ- 
ences its fusibility, and the color to which it burns. 

The compounds which may be found in clay are 
silica, alumina, iron oxide, lime, magnesia, potash, 
soda, sulphuric acid, phosphoric acid, manganese 
oxide and organic matter. Compounds of chromium 
and vanadium may also be present at times in small 
amounts. All of these substances are not present in 
every clay, but most of them are. 

Pure clay would contain silica, alumina and com- 
bined water, but the purest clay known commonly 
contain at least traces of iron oxide, lime and alkalies. 
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Alumina, organic matter and water are practically 
the only non- volatile constituents, which do not exert 
a fluxing action on the clay in burning, and the inten- 
sity of this fluxing depends partly on the amount of 
fluxes, and partly on the temperature at which the 
clay is burned. 

It is the custom to divide the impurities of clay into 
those wh^ch are fluxing, and those which are non-flux- 
ing. 

Pure clay is very refractory. The kaoli^ite. com- 
posing it contains two molecules of silica and one 
molecule of alumina. A higher percentage of sih'ca 
tends to increase the fusibility up to a certain point, ' 
provided it is in a finely divided condition, above this 
point the refractoriness of the clay increases steadily 
with the addition of silica. 

Other substances are far more powerful fluxes than 
the silica however, and these fluxes contain not only 
elements but also definite chemical compounds or 
mineral speciea 

The influence of fluxes increases not only w;ith the 
amount present but also with the state of division, 
they being more active, the more finely they are divid- 
ed. If the fluxing material is present in large grains, 
these will only exert a fluxing action on their upper, 
surface, while the single grains alone will for a while 
act more like quartz grains i. e. as diluents of the 
shiinkage. The minerals which may be present and 
serve as fusible impurities are commonly mica, feld- 
spar, hornblende, pyroxene, garnet, quartz, calcite, 
gypsum, iron oxide and manganese, and the elements 
contained in these constituting the active fluxing 
agents are alkalies, iron oxide, lime and magnesia. 

Opinions differ somewhat in regard to the order of 
their relative effectiveness, but it is probably given 
above, the alkalies being the strongest. 

The amount and. kind of fluxes which it is cl^'^irable 
for a clay to contain depends on the use to which it is 
to be put. If a vitrified ware is desired then the 
fluxes should be present in appreciable amount, say 
10 to 20 per cent., depending upon the relativestrength 
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of the fluxing impurity. Refractory clays, on the 
other hand, should contain a low amount of fusible 
substances. Porcelain clays might have as high a per- 
centage of fluxes as 5 or 6 per cent., provided they did 
not exert a coloring action on the clay. 

ALKALIES IN CLAYS. 

/ 

The alkalies usually contained in clays are potash, 
soda and ammonia. 

Ammonia is a very common constituent of moist 
clay and is absorbed by the latter with great avidity; 
indeed it is largely responsible for the characteristic 
Oder of clay.* 

If the ammonia remained in the clay, it would act 
as a strong flux, but its volatile nature renders it 
harmless, for it passes off as a vapour at a temper- 
ature considerably below dull redness, and in fact may 
even volitilize with the moisture of the clay during the 
early stages of burning. 

Potash and soda on the other hand, which volati- 
lize only at a high temperature, are present in almost 
every clay from the smallest amount up to 9 or 10 per 
cent, and of these potash is by far the commoner of the 
two. Their variable percentage may be caused by the 
presence of more or less undecomposed feldspar, of 
which cTthoclase, the common species, has nearly 17 
per cent, of potash while the other feldspars contain 
varying amounts of soda. 

These alkalies may be present in the clay in the 
form of either soluble or insoluble compounded, the 
latter being represented by feldspar, mica, or other 
minerals, while the soluble ones are usually the result 
of their decomposition. 

Soluble alkaline compounds may be found in almost 
any clay, but they are rarely present in large amounts, 
and' their chief importance lies in the fact, that they 
are often responsible for the formation of an efflor- 
escence or whHe coating on the surface of the ware, 
they having become concentrated on the surface by the 

' 'P. Senft, Die Thon Subetanzen, p. 29. 
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evaporation of the moisture of the clay. They may be 
rendered insoluble by the addition of chemicals to the 
clay. In addition to its unsightliness the efflores- 
cence may interfere with the ad*hesion of a glaze ap- 
plied to the surface of the ware. 

Soluble alkaline sulphates are powerful fluxes and 
they also cause blistering of the ware, if the clay is 
heated sufficiently high to decompose the compound 
and permit the escai)e of sulphuric acid gases. 

In some clays containing sulphate of iron, this com- 
pound may be decomposed by chemical reaction tak- 
ing place in the clay; the sulphuric acid, which is 
thus set free, is apt to attack the alumina of the clay 
substance and if potash, soda, or ammonia *s present 
there is formed an alum of potash, soda or ammonia, 
which can often be detected by the taste which ic im- 
parts to the clay. 

Insoluble alkaline compounds. Feldspar and) mica 
which are the commonest of rock forming minerals 
are the two important sources of insoluble alkaline 
salts in the clay. 

The feldspars are complex silicates of alumina and 
potash, or alumina, lime and soda. Orthoclase is the 
only species furnishing potash and contains about 17 
per cent, of it while the lime-soda feldspars have from 
4 to 14 per cent, of soda depending on the species. 

Orthoclase is the common feldspar, and next to it 
come albite and oligoclase with 12 and 14 per cent, of 
soda respectively. 

The micas are complex silicates of alumina with 
either lime or magnesia or i>otash. Muscovite, the 
common species, contains nearly 12 per cent, of pot- 
ash, and may at times also contain soda. While the 
potash feldspar fuses completely at about 2300'' Fahr., 
the potash mica alone is very refractory and unaf- 
fected by a temperature of 2550° Fahr., and though 
it probably serves as a flux, it is not definitely known 
at just what temi)erature its action begins. 

The alkaline silicates on account of their fluxing 
properties are frequently at an advantage, especially 
if in the form of feldspar^ as they serve in burning to 
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bring the particles of the clay together intx) the dense 
hard body, and also permit of the ware being burned 
at a lower temperature. If present in kaolins to the 
extent of several per cent, it is no detriment, provided 
no iron is present; an excess of feldspar, however, 
when added to a white burning clay will tend to pro 
duce a creamy tint. 

In the manufacture of porcelain, white earthen 
ware, encaustic tiles and other products made from 
kaolins or white burning clays, and having a white 
body, which is impervious, or nearly so, the alkalies 
for the fluxing of this body are added in the form of 
feldspar. 

Much feldspar is mined in this country for potters 
use, but all of ^'t is the ortholase or potash feldspar. 

IRON COMPOUNDS IN CLAYS. 

Iron is not simply a fluxing impurity, but it is also 
the great coloring agent of clays in either their burned 
or unburned condition, and furthermore when in the 
form of the hydrated oxide or limonite it may serve 
to increase the absorbtive power of clay. * 

The compounds in which iron may exist in the clays 
are as follows: Oxides: — ^limonite, hematite, magne- 
tite, ilmenite. Silicates: — mica, hornblende, garnet, 
etc. Sulphides : — pyrite and marcasite. Sulphate : — 
melanterite. Carbonate : — sMerite. 

The iron oxides, limonite and hematite, are present 
in all clays, and may be introduced by percolating 
waters or be set free by the deccomposition of any of 
the iron-bearing silicates which the clay may contain. 
Not infrequently they are distributed through the 
clay in a very finely divided condition, or may form a 
thin film around the other mineral grains. Limonite 
tends to color the clay (unburned) brown or yellow, 
while hematite imparts a red color to it, and carbon- 
ate of iron may give gray tints. 

The more sandy the clay the less the amount of the 



* A. E. Smith, Alabama Geological Saryey, Agricnltaral Report, p. 46. 
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limonite required to produce any given intensity of 
color. 

Mica is found in most clays, and hornblende and 
garnet are probably wanting in few, while the pyrite 
is often present in many clays, especially in stoneware 
and fire clays, its yellow, glittering, metallic particles 
being easily recognizable. When large, the lumps of 
pyrite can be extracted by hand-picking, but if very 
small, they can only be separated by washing. Un- 
der weathering influences the pyrite changes to sul- 
phate of iron. In all of the iron-bearing minerals ithe 
iron is present in either the ferrous or the ferric stage 
of oxidization, and the fusibility of the clay is in- 
fluenced .some>Yhat by this fact, for ferrous com- 
pounds are more easily fusible than ferric ones. In 
the burning of the clay the ferrous salt will be con- 
verted into the ferric state, provided the action of the 
fire is oxidizing. But if it is reducing the clay will 
fuse at a lower temperature. 

The action of weathering agent in nature is often 
sufficient to oxidize the iron in clays so that more 
ferric than ferrous iron wiir be found in most of them. 
This chansre is often noticeable in many clay banks 
where the upper, and at times more porous layers, are 
colored red or yellow, while the lower layers tire blue 
or bluish gray. 

It should be noticed, however, that a gray color may 
be produced by the presencce of organic matter, and 
the same material present in a dense clay, to which 
the air can not get access, may serve to retard the oxi- 
dation of the iron. Whenever iron exists in clay in 
combination with s^'lica it is present probably as a 
complex silicate, for pure ferric silicate U very rare 
in nature. 

Ferric hydrate increases the absorbing power of 
clay for both gases and liquids, but it as well as the 
carbonate change to the oxide in burning. 

The general tendency in burning is to convert the 
iron compounds into ferric oxides, provided a certain 
temperature, depending on the fusibility of the clay, 
is not exceeded, for in every clay the iron seems to re- 
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turn to the ferrous condition as the point of vitrifica- 
tion is approached. This change is accompanied by 
a liberation of oxygen, which is responsible for the 
active swelling and blistering of the clay, which takes 
place as the point of viscosity is approached. 

If treated to an oxidizing fire, the presence of fer- 
rous salts in clay may not be considered, provided ithe 
heat is raised high enough to oxidize them, but the 
rapidity wHh which the temperature is raised is im- 
portant, for when the heat is increased rapidly the 
outer portion of the clay tends to shrink and become 
dense before the air has had time to enter and oxidize 
theiiron-in the-scenter ofthe clay body,- the latter re- 
maining in ferrous state. This is the cause of black 
cores sometimes seen in bricks whose exterior is red- 

Unburned clay may be yellow, blue, brown, red or 
gray in color, depending on the relative amount of 
ferrous and ferric salts present, for iron is ithe one ele- 
ment above all others which by itslf colors clays. 

The same variety of shades and colors may be pro- 
duced in burning. Ferrous oxide alone produces a 
green color when burned while ferric oxide alone may 
give red or purple, and mixtures of the two may pro- 
duce yellow, cherry red, violet, blue and black.* 

Segar found that combinations of ferric oxidie with 
silica had a red or yellow color§ wh^'le similar com- 
pounds of thie ferrous salts showed blue or green. 

The color 4o» which any given clay burns may also 
depend on the intensity of tjie firing. Thus with mod- 
erate burning the iron may color a clay yellow or yel- 
lowish red, with harder firing this will pass into deep 
red, and on still more intense heating to blue or black, 
this latter color is to be seen on breaking open the arch 
brick in many kilns, but the surface of these same 
brick may also get black, due to ashes and cinders 
from this fire sticking to them. 

The amount of ferric oxide permissible or desirable 
depends on the use to which tihe clay is to be put. 



♦Keramik, p. 256. 
§ Notizblatt, 1874, p. 16. 



16 GENERAL DISCUSSION OF CLAYS. 

The clays which are used for making white ware 
should not contain over one per cent ferric oxide. 
And those with even three-quarters of one per cent, 
are apt to burn grayish at a high temperature, such 
as 2700 deg. Fahr. It is true that the reddish color- 
ation of a small percentage of iron would be neutral- 
ized if any excess* of carbonate of lime were present, 
but in this case even we should not get a pure white 
tint, but a yellowish one. 

Brick clays should contain sufficient iron oxide 
to give a good red color to the ware when burned. 

The bleaching of the iron coloration by the presence 
of lime wUl be mentioned later, an excess of alumina 
also tends to exert a decolorizing action upon the iron 
contained in the clay. 

, LIMB IN CLAYS. 

Lime is a most wide-spread constituent of clays, and 
occurs either in a finely divided state or else in the 
form of pebbles. An excess of lime in the clay in the 
former condition causes it to pass into marl, and in 
certain regions such clays are extremely abundant. 

Lme may occur in clays either as a constituent of 
silicate minerals such as feldspar ; in the form of car- 
honate as exampled by calcite or dolomite; or thirdly 
it may be present as a sulphate^ which is the mineral 
gypsum. 

The fi'^st two classes of compounds include minerals 
which are primary constituents of the clay, but the 
third type, gypsum, is usually of secondary origin, be- 
ing the* result of chemical processes, wh^'ch took place 
in the clay mas®. 

The condition of lime is important, for in one case, 
it may be desirable, and in another it may do injury. 

The presence of lime as a constituent of some silicate 
mineral is not infrequent, especially if the clay has 
been derived wholly or in part from crystalline rocks, 
such as gneisses and granites. The common feldspar, 
orthoclase, contains no lime, but the other sipecies of 
feldspar do, and in addition there are other lime bear- 
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ing silicates which are apt to be met with in most of 
the impure clays. 

When present as a silicate, lime acts as a flux, and 
is less liable to exert a decolorizing action on the clay 
than carbonate of lime. Bleaching action is caused 
by the formation of a double silicate of iron and lime, 
when the clay reaches a temperature approaching vit- 
rification, and the color developed is either yellow, or 
yellowish green, according to the intensity of the 
firing. 

Carborate of lime is an abundant constituent of 
some clays, and its presence, if over three or four per 
cent., can usually be detected by the effervescence 
which is producd when muriatic acid is poured on the 
clay. This compound of lime is far more injurious 
than the silicate, although, if present in the clay, in a 
finely divided condition, it may not only be harmless 
but even desirable, provided there is not an excess of 
it, for clays with as much as twenty to twenty-five per 
cent, of lime carbonate have been used for making 
common or even pressed brick and somtimes earthen- 
ware. It is well, however, to try and keep the amount 
lower than this if possible. Highly calcareous clays 
have often found a use in making of slip glazes. 

If the carbonate of lime is present in the form of 
pebbles, a most undesirable effect is produced, for it 
is well known that when heated to redness, the com- 
pound is broken up into oxide of lime and carbonic 
acid gas ; this oxide of lime, when cooled, absorbs mois- 
ture from the atmosphere and slakes, the result being 
a swelling of the material and a consequent splitting 
of the brick. Now if the clay be heated to a tempera- 
ture sufficenit to decompose the carbonate of lime, but 
not high enough to make it unite with any free silica 
present, the lime of course slakes on cooling. It is con- 
sequently imporatnt either to bjirn the clay sufflcently 
or remove the lime pebbles from the clay by screening 
or by some other method before using. 

For a high grade ware, calcareous clays are seldom 
employed, but in the manufacture of brick and terra- 
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cotta, they are frequently utilized either because no 
others are available or to obtain a buff colored ware. 

Some soft body porcelains have an appreciable 
amount of lime, much of the Hungarian containing 
from five to fifteen per cent, of CaO.* The bone china 
made in England at the present day also contains 
lime and some white earthen ware manufacturers use 
lime instead of feldspar. 

Much buff ware is now made from semirefractory 
clays, which, on account of their low percentage of 
iron, burn to a creamy color. 

The one objection ito highly calcaeous clays is that 
the points of incipient fusion and vitrification (see 
Fusibility of Clays) lie so close together that it 
is not safe to burn them hard without running 
the risk of fusing them. Experiments have shown 
however, that it is possible to separate these two 
points, by the addition of quartz and feldspar to the 
clay, of sand contiaining a large percentage of these 
two minerals. 

In addtion to lowering the fusibility of clay, lime 
also affects the fusion and absorptive power, thus 
Segar found§§ that limy or marly clays required us- 
ually only twenty to twenty-four of water to convert 
them from a dry condition to a workable mass, where- 
as other clays needed twenty -eight to thirty per cent, 
of water to accomplish the same result. In burning 
the calcareous clays have not only their combined 
water to lose, but also the carbonic acid gas, and con- 
sequently the bricks are more apt to be light and po- 
rous unless they can be burned to vitrification. The 
shrinkage of calcareous clays is also less than that of 
others, and it sometimes happens that this shrinkage 
io not only zero, but that the brick even swells. 

Many clays contain lime in the form of gypsum, the 
hydrated sulphate of lime. It generally results from 
the action, on carbonaie of lime, of sulphuric acid set 
free by the oxidation and leaching of pyrite in the clay. 

•Sprechsaal, 1896, p. 2. 
gHecht, Thonindustrie Zletiing. 
§g Thonindustrie Zietung, 1877, p. 131. 
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When in large amounts, gypsum discloses its presence 
by the formation of transparent crystals or crystallne 
masses, whose surface shows a pearly lustre; at other 
times it forms as parallel fibres which fill cavities or 
cracks in the clay. Gypsum may prove to be a very 
injurious impurity even when in small amounts, es- 
pecially if the clay is not burned to vitrification. 

In the first place it serves as a fluxing impurity, 
secondly, it is dlissociated at high temperatures^ 
and the escape of the sulphuric acid causes blistering 
of the ware, and thirdly, although nearly insoluble in 
water, nevertheless small amount of it may be brought 
to the surface of the w^re in solution by the evapora- 
tion of water and there left in the form of a white coat- 
ing. 

Kaolins commonly have very little lime, but in many 
common brick and stone ware clays, it frequently 
ranges from one to three per cent. 

MAGNESIA IN CLAYS. 

Magnesia is a constituent of many minerals, and yet 
it seldom occurs in large quantities, the amount in 
most of them rarely exceeding two per cent. 

It may occur, in the same classes of compound as 
lime i. e. silioates, such as mica, chlorite, homblendle 
and pyroxene; in carbonates^ such as dolomite and 
magnesite; and m sulphates, such as epsom salts. 

The silicates are, no doubt, the most important 
source of magnesia, for mica, chlorite, and hornblende 
are all common constituents of the more impure clays. 
They are scaly minerals of complex composition and 
contain from 1 to 25 per cent, of magnesia. The 
mica is frequently to be noticed in the sandy seams of 
the clay, while the other portions of the deposit may 
be quite free from it. Hornblende and pyroxene are 
to be looked for mostly in clays derived from the dark 
colored igneous rocks, and indeed the two latter min- 
erals not only furnish magnesia, but by their decom- 
position furnish also iron oxide to the clay. 

Dolomite, the double carbonate of lime and mag- 



20 GENERAL DISCUSSION OF CLAYS. 

nesia, maybe present in some clays derived from mag- 
nesian limestone^ while the ssulphate of magnesia or 
epsom salts when present, may aid in the formation 
of a white coating on the surface of the ware; its pre- 
sence can sometimes be detected by the bitter taste 
which it imparts to the clay. 

The effects of magnesia in clays are considered to be 
the same as those produced by lime. 

SILICA IN CLAYS. 

Three types of silica may be recognized in clay, i. e. 

1st. Quartz. 

2nd. That which is combined with alumina and 
water in kaolinite. 

3rd. That which is combined with one or more 
bases, forming silicate minerals, such as feldspar, 
mica, etc. 

In chemical analysis the first and third are some- 
times grouped together under the name of sand, jr at 
times erroneously spoken of as free silica. 

The sand is practically insoluble in sulphuric acid 
and caustic soda and this fact is utilized in the ration- 
al analysis of clay. 

Few clays, so far as known, are free from quartz, 
but it is present in Tariable amounts in different ones. 
A minimum of .2 of one per cent, has been recorded 
from New Jersey* while the average in the Wood- 
bridge fire clays is five per cent. 

In the Missouri flint clays, a minimum of .5 of one 
per cent., is recorded, while the sand percentage is 20 
to 43 per cent, in the Sti. Louis fire clays, and 20 to 50 
per cent, in the Loess clays. § 

27 samples of Alabama clays contained from 5 to 50 
per cent, of insoluble residue. 

70 North Carolina clays had from 15.75 per cent, 
to 70.43 per cent, of insoluble residue. 

In European clays similar variations are observ- 
able. The most important effect of silica or sand is 

•G. H. Cook, Cliays of New Jersey, 1878, p. 273. 
g Wheeler, Missouri Geological Survey, XI, page 54. 
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that as it increases the plasticity, tensile strength, and 
air shrinkage tend to decrease. In fact silica es- 
pecially if present abundantly in large grains, may 
cause an expansion of the clay in burning. 

Quartz serves as a flux at very high temperatures, 
but at lower ones it tends to increase the refractori- 
ness of the clay, and this property is governed some 
what by the size of the quartz grains and the amount 
of fluxing material which will fuse at lower tempera- 
tures. 

Sand acts as a diluent of the shrinkage in air drying 
and also in burning up to a certain point depending 
upon the fusiblity of the constituent grain. 

In the burning of low grade clay, the quartz grains 
tend to act as a skeleton and preserve the form of the 
mass, while the fluxing impurity by their fusion bind 
the whole together. 

TITANIC ACID IN CLAYS. 

Titanium generally occurs in clays in the form of 
the mineral rutile (titanic oxide). It has always 
been looked upon as a rare element and a non-detri- 
mental impurity, but the idea of its rarity has pro- 
bably resulted from the fact that it is not commonly 
determined or looked for in the ordinary quantitative 
analysis. Its effect on the fusibility of clay has never 
been thoroughly understood, although it has seemed 
probable that its action was somewhat analogous to 
that of silica. 

The experiments of Seger have indicated that when 
a hundred parts of kaolin and 6.65 per cent, titanic 
oxide were heated to above melting point of wrought 
iron, the resulting mass was densely sintered, and 
showed a dark blue fracture. 

13.3 per cent, added to a hundred parts of kaolin 
gave a deep blue enamel at the same temperature, 
while an equal amount of kaolin with the addition of 
10 per cent, of silica burned to a snow white mass at 
the same temperature and did not fuse. From this it 
will be seen that the actions of titanium and silica at 
high temperatures are not exactly alike. 
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ORGANIC MATTER IN CLAYS. 

Organic matter affects not only the color of clay but 
also its plasticity, absorptive power and tensile 
strengtii. 

It is present in clays either in the form of finely 
divided pieces of plant tissue or larger fragments of 
stems or leaves, which settled in the clay during its 
deposition, and have since become wholly or partly 
converted into lignite. All surface clays contain 
plant roots, but these ex^rt little effect other than to 
aid the percolation of surface waters. 

Clays colored by organic matter and containing no 
iron, burn white, as the plant tissue burns off at 
bright redness; if such a clay, however be heated too 
quickly, the surface of it becomes dense befoT-e all of 
the organic matter has had opportunity to escape from 
the interior, and the latter remains dark colored. . 

Organic matter may also mask the presence of iron 
so that the clay, instead of burning white, will burn 
red at a temperature of above that at which the or- 
ganic matter passes off, below that temperature the 
vegetable matter will tend to keep the iron reduced. 
The clay from Fernbank, Lamar County, Alabama, 
contains 6.40 per cent of ferric oxide, and 2 to 2^ 
per cent of organic matter, but in the raw material, the 
latter hides the former. Organic matter exercises an 
important influence on the plasticity, often increasing 
it to an enormous degree, it also tends to elevate the 
tensile strength, the clay just mentioned showing 185 
pounds per square inch, but high plasticity does not 
always indicate the presence of much organic mate- 
rial. 

In the weathering of clays organic matter by its 
slow oxidation, aids in breaking them up by the es- 
cape of the carbonic acid gas. 

WATER IN CLAYS. 

All clays contain two kinds of water : — 
1st. Hygroscopic water or moisture (mechanically 
absorbed). 
2nd. Chemically combined water. 
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IJhe moisture in air dried clays may be as low as .5 
per cent, and reach 30 to 40 per cent, in those freshly 
taken from the bank. In the air dried specimens in 
the Alabama samples tested, it varied from .12 per 
cent, to 3.4 per cent. 

In air drying most of the moisture is expelled, and 
this is accompanied by a shrinkage of the clay, which, 
in the case of the Alabama samples, was usually from 
2 to 7 per cent., but in one case it reached 14 per cent. 

The air-shrjnkage of the clay ceases however before 
all the moisture passes off, the reason for this being 
that the shrinkage ceases when the clay particles have 
come in contact with each other, but there may still 
remain spaces between them which hold the water by 
capillarity, and the brick will contiue to lose weight 
but not in size, until all of this water has been driven 
off. 

Iq practice it is this latter portion of the moisture 
that evaporates during the first period of the burning 
known as water smoking. 

The air shrinkage of a clay varies with the nature 
of the material. Sandy clays usually show the least 
shrinkage, and of this kind the coarse grained ones 
diminish the least in size, while highly plastic clays 
usually show a high contraction in volume. 

The amount of water, which a dry clay needs to 
develop its maxium plasticity is a variable quantity. 
Plastic clays absorb a large amount, but a lean clay 
and fine grained one may do the same. As a very gen- 
eral rule it may be stated that lean clays absorb from 
twelve to twenty per cent, of water, while fatVlays 
anywhere from twenty to fifty per cent, and the more 
water a clay absorbs the more it has to part with in 
drying and the greater will be its shrinkaga 

If green ware is dried too rapidly it may split, not 
only from differeijtial shrinkage between the exterior 
and the interior surface, but the rapid escape of steam 
may, in the first stage of the burning, tend to burst 
the ware. 

Highly aluminous clays do not always absorb the 
most water, nor are they the most plastic, and some 
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clays low in alumina and high in organic matter are 
not only highly plastic but also absorb a large quanti- 
ty of water. 

In the manufacture of clay products the moisture 
is partly expelled by exposing the ware to the sun or 
putting it in heated tunnels or rooms, while the last 
traces of moisture a^e driven off in the early stages of 
burning. 

Moisture may play another important and injurious 
role in clay working by its tendency to dissolve the sol- 
uble salts in the clay and bring them to the surface in 
drying, where they are left in the form of a white 
coating. It may also permit the acids which are con- 
tained in the fire gases of the kiln, to act on the min- 
eral ingredients of the clay, and thus form soluble 
compounds, especially clorides and sulphates. 

Combined water is present in every clay. In pure 
kaolin there is nearly 14 per cent, of it, in other clays 
the percentage depends on the amount of clay base and 
the presence of other hydrated minerals, such as 
limonite. 

Combined water is driven off at a low red heat, and 
when this occurs the clay suffers an additional shrink- 
age. It is a curious fact that although the combined 
water does not determine the degree of plasticity of 
the clay, nevertheless when once driven off the clay 
can no longer be rendered plastic. The greater the 
amount of combined water, the greater the shrinkage, 
and in the burning the Alabama clays it varied from 
2^ to 12 per cent. 

PHYSICAL PROPERTIES OF CLAYS. 

These are fully as important as chemical ones, if 
not more so, plasticity for instance being a character 
of enormous value. 

The physical characters which are of the most im- 
portance from the practical standpoint, are plast^'city, 
fusibility, shrinkage, tensile strength, slaking, absorp-^ 
tion and density. 
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PLASTICITY. 

This is the property by virtue of which a clay can be 
moulded into any desired form when wet, which shape 
is retained by it when dry. 

Just what the cause of plasticity is still remains to 
be definitely proven, although several theories, some 
of them very reasonable ones, have been advanced. It 
is an exceedingly variable property and we can find all 
stages in the transition from the highly plastic tlay 
to the slightly coherent sand. Clays, which possies 
little plasticity are said to be lean, while highly plastic 
ones are called fat. 

Pure or nearly pure kaolins are nearly always lean, 
while clays low in kaolinite may be highly plastic, thus 
for instance the clay from Chalk Bluff, and the stone- 
ware from Prattville, containing respectively 36.50 
and 26.98 per cent, of alumina are both lean, while the 
clays from Fayette Court House and Fernbank con- 
taining only 19.68 and 13 per cent, of alumina respec- 
tively are both highly plastic. 

Cook has shown that the plasticity of some kaolins 
may be increased by grindmg them, the resultl being 
to tear apart the little particles of clay which were 
bunched or clustered together and thus permit a great- 
er mobility of the grains or scales of clay over each 
other. 

Mica decreases the plasticity of clay, and if> in a 
finely divided condition, tends to make it flaky when 
wet. 

Plasticity, whatever its cause, is an important pro- 
perty from a commercial standpoint and highly inter- 
esting from a scientific one. The amount of water re- 
quired to develop the maximum plasticity varies. If 
too little is added the clay cracks in moulding and is 
stiff and hard to work ; if too much is mixed in with 
the clay it becomes very soft and retains its shape with 
difficulty. Lean clays usually require less water to 
produce a workablamass than plastic ones. 

The Alabama clays require from 25 to 30 per cent, 
of watel' to develop their maximum plasticity. 
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TENSILE STRENGTH. 

The tensile strength or the binding power of a clay 
often stands in relation to its plasticity, but not al- 
ways. It exerts an important effect in connection 
with the cracking of the ware in drying. The com- 
mon method of determining it is to form the plastic 
clay into briquettes of the same shape as those used in 
the testing of cement. When air-dried they are tested 
in the regular cement testing machine^ and their ten- 
sile strength per square inch is determined. Before 
breaking, the cross section of th,e briquette must be 
carefully measured, as the clay shrinks in drying and 
the tensile strength per square inch has to be calcu- 
lated from this sectional area. , 

The tensile strensjth of air-dried clays is extremely 
variable. In kaolins it is from 5 to 10 pounds per 
square inch ; in brick clays 60 to 75 pounds per square 
inch and even 100 pounds; in pottery clays from 150 
to 175 pounds. 

Some very plastic clays show as much as 200 and 
300 pounds per square inch, and a tensile strength of 
even 400 pounds has been recorded. 

The strongest Alabama clay were ijie highly plastic 
one from Chalk Bluff, which had a maximum tensile 
strength of 384 pounds per square inch, while the 
Choctaw County one showed only 5 pounds per square 
inch. 

The Alabama clays were all ground and passed 
through a thirty mesh sieve before testing. 

Very fine grained clays seem to be lacking in tensile 
strength as they are in plasticity. 

SHRINKAGE. 

All clays undergo a shrinkage in drying and an ad- 
ditional shrinkage in burning, the first is known as 
air — , the second as fire-shrinkage. Some clays shrink 
most in drying, others most in burning, and conse- 
quently the amount is variable and depends on the 
amount of water absorbed, on the amount of lime in 
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the clay, the quantity of organic matter, the size of the 
grain, and the amount of combined water. 

The amount of water absorbed, and the texture in- 
fluence the air-shrinkage which begins as soon as the 
water commences to evaporate from the clay. It has 
already been mentioned that a clay keeps on losing in 
weight after the shrinkage has ceased, and this fact is 
well shown by the following experiments on some Ala- 
bama samples. 

The clay was from property of J. C. Bean, See. 31, T. 20, 
R. 11 w. 

After moulding, the clay weighed 35.698 grams. 

At end of 24 hours the shrinkage was llj 

per cent, and the weight 30.891 

At end of 48 hours, shrinkage 12 per cent., 

weight 29.588 

At end of 6 days, shrinkage 12 per cent., 

weight 29.460 

At end of 8 days, shrinkage 12 per cent., 

weight 29.140 

At end of 12 days, shrinkage 12 per cent, 

weight 29.093 

Throughout this period the clay was kept exposed to a temper- 
ture of 70° Fahr. 

The shrinkage is generally equal in all three direc- 
tions, and cons^uently only the linear shrinkage is 
given. The greater the shrinkage of a clay the more 
danger there is of its cracking and warping in burn- 
ing, and when there is any apprehension that this niay 
occur, an attempt is made to prevent it by the addition 
of grog (burned day) which diminishes the shrinkage. 

Coarse grain clays having larger pores permit the 
water to escape more rapidly, and hence can be dried 
more quickly than fine grained ones, from which the 
water can not very readily escape. If the 
drying of fine grained clays is hastened, the surface 
shrinkage is more rapid than that of the interior and 
cracking ensues. We might perhaps expect that on 
account of their greater porosity^ the fine grained 
clays would absorb more water, and consequently 
shrink more in drying, but the Alabama clays do not 
always bear out this fact. 

The fire shrinkage generally commences when the 
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combined water begins to pass off, and it may be just 
as variable as the air shrinkage. In fine ;?rained clays, 
as those from near Prattville, the shrinkage from 
burning was found to be comparatively uniform, 
while on the other hand moderately fine grained 
kaolin from Kock Run shrank more rapidly as it ap- 
proached the temperature of vitrification. 

Sometimes the clay instead of shrinking during the 
burning appears to expand ; and this is especially the 
case with very quartzose ones, for the quartz has the 
property of expanding at high temperatures. This 
expansion of siliceous clays may sometimes be respon- 
sible for the presence of cracks in the burned ware. 

As the addition of quartz to diminish the shrinkage 
also tends to decrease the tensile strength of the clay, 
there will be a cefrtain limit beyond which it must not 
proceed. 

Organic matter and combined water tend to in- 
crease the shrinkage in burning, but lime has th6 opo- 
site ten lency. 

Clays containing a large amount of feldspar will, in 
stead of showing a steady shrinkage up to the temper- 
ature of complete vitrification, often exhibit a tempo- 
rary *increa«e of volume when the fusing point of the 
feldspar is reached. 

The shrinkage of most clays in burning does -ot 
proceed regularly and steadily up to the temi)erature 
of vitrification, for some clays attain their maximum 
density at a comparatively low temperature, below 
that at which thev vitrify. Thus the plastic clay of J. 
C. Bean, near Tuscaloosa, attains its maximum 
shrinkage at cone 5, but does not vitrify until cone 27. 

Between the pointi at which the moisture seems to 
pass oflf and that at which the combined water begins 
to escape, the clay shrinks little or none at all, and 
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consequently the heat can be raised rapidly in this in- 
terval, but above and below these two points it must 
proceed slowly to prevent cracking or warping of the 
ware. 

FUSIBILITY OP CLAYS. 

It can be said in general, that other things being 
equal, the fusibility of a clay will increase with the 
all the fuxing impurities do not act with the same in- 
approximate statement however, for in the first place 
all the fluxing impurities do not act with the same in- 
tensity, and of two clays containing the same amount 
and kind of fluxes, that one which has the flner grain 
will usually fuse at the lower temperature, in addition 
to this the condition of the fire, whether oxidizing or 
reducing, also exerts an effect. 

White mica tends to increase the refractoriness of 
a clay, and to exert very little fluxing action even at 
moderatly high temperatures. 

As a clay is gradually heated, it not only shrinks, 
but also begins to harden. At the temperature at 
which the combined water begins to pass off, the im- 
pure clays acquire such a degree of hardness that they 
can no longer be scratched' by a knife; but 'n the case 
of purer clays, the temperature must be raised much 
higher to obtain this same degree of hardness. This 
condition is brought about by the clay particles be- 
ginning to soften under the action of the heat, in other 
words it represents the very first stages of melting or 
incipient fusion, and in this condition the clay parti- 
cles stick to each other, and bind the whole together 
into a solid mass. In clays which have been burned to 
incipient fusion, th' particles are however still rec- 
ognizable. If the temperature be increased, a vari- 
able amount, depending upon the clay, the result is 
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that all of the particles become sufficently soft to per- 
mit their adjustment into a condition of greater com- 
pactness, leaving no interspaces, or in other words, 
the clay becomes impervious^ This condition is 
spoken of as virtification, or complete sintering. The 
particles of the clay are no longer recognizable, and 
the maximum shrinkage has been reached. With a 
further elevation of the temperature the clay mass 
fusses completely, and becomes viscous or flows. 

We therefore can recognize three stages in the burn- 
ing of th^ clay, i. e., incipient fusion, vitrification and 
viscosity.* 

The points of incipient fusion and viscosity may be 
within 75 degrees Fahr. of each other as in calcareous 
clays, while in some fire clays they may be as mucli as 
500 or 600 degrees apart, and furthermore the point 
of vitrification does not necessarily lie midway be- 
tween the two. 

Most clays show a difference of from 200 to 400 
degrees FahT*. between the points just mentioned, and' 
it can be easily understood the farther apart these 
two points, the safer will it be to burn the clay, for it 
is not always possible to control a kiln within a range 
of a few degrees of temperature, and therefore in burn- 
ing a mass of ware to vitrification if this point lies too 
near that of viscosity, there is danger of overstepping 
it and reaching the latter. 

The fusibility of a clay depends on : 

1. The amount of fluxes. 

2. Size of the grain of the refractory and the non- 
refractory constituents. 

3. The condition of the fire, wliether oxidizing or 
reducing. 

•These three terms have been suggested by H. A. Wheeler, Vitrified 
Paving Brick, 1895. 
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Attempts have been made to express the rellat^'ve 
fusibiliy of clays numercally, and this number has 
been called the refractory quotient by Bishop* and 
the fusibility factor by Wheeler. § In both cases, tihe 
figure is obtained by using the non-fluxing elements 
of the clay for the numerator, and the fluxing impuri- 
ties as a denominater; and in the case of the second 
• formula, the fineness of the grain was also taken into 
consideration. As this mode of expressing the fusi- 
bility has not come into general use, the reference is 
simply given here. 

On the other hand, it is customary to express the 
fusibility of the clay in degrees of temperature, and 
this temperature is measured by one or another form 
of pyrometer, whose principle depends on the fusion 
of alloys or single metals; thermo-electricity; fusion 
of an artificial mixture; spectro photometry; expan- 
sion of gases or solids; etc. Many of these are only 
applicable at lower temperatures, others are largely 
influenced by the personal equation, and only two or 
three of the most important will therefore be mention- 
ed here. 

THE THERMO-ELKOTRIC PYROMETER. 

Le Chatelier's Thermoelectric pyrometer depends 
on the measurement of a cu'^rent generated by the 
heating of a thermo-pile. The latter consists of two 
wires, one of platium, the other an alloy, 90 per cent, 
platinum and 10 per cent of rhodium, twisted together 
at their free ends for a distance of about an inch, whUe 
the next foot or two of their lenth is enclosed in a fire 
clay tube so that when the couple is inserted into the 

•Die Feuerfesten Thone, p. 71, 1876. 

S English and Mining Journal, March 10, 1894. 



32 GENERAL DISCUSSJON OF CLAYS. 

furance only the end which is held near the body 
whose temperature is to be measured, will receive the 
full force of the heat. The two wires connect with a 
galvanometer, the deflection of whose needle increases 
with the temperature at the point of the free end of the 
wire couple. As at present put on the market, the 
thermo-electric pyrometer, costs about |180 and this, 
together with the delicacy of th3 galvanometer, has* 
tended to restrict its use. There is no reason however 
why one should not be made and put on the market for 
a much lowei* price. It is not necessary that the re- 
cording instrument should be in immediate vicinity 
of the kiln, but it may be kept in another room wliere 
it is safe from dust andi rough handling, and wires can 
extend from there to tl c kiln. This pyrometer is con- 
sidered to be accurate to within 10 degrees Fihr. 

SEGKR PYRAMIDS. 

These consists of different mixtures of kaolin and 
fluxes, which are compounded so that there shall be 
a constant difference between their fusing points. 
Segar's series were numbered from one to twenty, and 
the difference between any twoiconsecutive numbers 
is 36 degrees Fahr. A later series introduced by Cra- 
mer runs from .01 to .022 with a difference of 54 de- 
grees Fahr. between their fusing points, 
and in addition the higher numbers in 
the Segar series have been extended from 
number twenty up to number thirty-six. As these 
cones have been recently recalibrated, the fusing 
points of the various numbers together with their 
composition is given herewith.* 



* Taken ft>om a recently issned circular of Thon induBtrie Saboratorinm in 
Berlin, where the cones are and were originally made. 
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No. OF 
OONB. 



Composition. 



022 



021 



020 



019 



018 



017 



016 



015 



014 



013 



012 



Oil 



010 



09 



0.5 Nas O 

0.5 Pb O 
0.5 Naa O 
0.5 Pb O 
0.5 Naa O 
0.5 Pb O 
0.5 Nas O 
0.5 Pb O 
0.5 Na, O 
0.5 Pb O 
0.5 Naa O 
0.5 Pb O 
0.5 Na, O 
0.5 Pb O 
0.5 Na. O 
0.5 Pb O 
0.5 Na, O 
0.5 Pb O 
0.5 Nas O 
0.5 Pb O 
0.5 Naa O 
0.5 Pb O 
0.5 Na. 
0.5 Pb O 

0.3 K, O 
0.7 Ca O 
0.3 Ka O 
0.7 Ca O 



0.1 Ala 0« 

0.2 Ala Os 

0.3 Ala Oa 

0.4 Ala Os 

0.6 Ala Os 

0.55 Ala Os 

0.6 Ala Os 

0.65 Ala Os 

0.7 Ala Os 

0.75 Ala Os 

0.8 Ala Os 

0.2 Fea Os 
0.3 Al, Os 
0.2 Fea Os 
0.3 Ala Os 



r 2 Si Oa 

1 1 Ba Os 
r 2.2 SI Oa 

1 1 Ba Os 
f 2.4 Si Oa 

I 1 Ba Os 
f 2.6 Si Oa 

I I Ba Os 
r 2.8 Si Oa 

1 1 Ba Oa 
1-3 Si Oa 

1 1 Ba Os 
r 3.1 Si Oa 

1 1 Ba O, 
r 3.2 Si Oa 

1 1 B, Os 

r 3.3 Si Oa 

I 1 Ba Os 
r 3.4 Si Oa 

II Ba Os 
r 3.5 Si Oa 
(1 Ba O, 
f 3.6 Si Oa 

1 1 Ba Os 

r 3.50 Si Oa 

X 0.50 Ba Oa 

r 3.55 Si O, 

1 0.45 Ba Os 



EUSION 

Point 
Obnt. 



690 



620 



650 



680 



710 



740 



770 



800 



830 



860 



890 



920 



950 



970 



Fusion 
Point 
Fahb. 



1094 



1148 



1202 



1256 



1310 



1364 



1418 



1472 



1526 



1580 



1634* 



1680 



1742 



1778 



34 



GENERAL DISCUSSION OF CLAYS. 



No. OF 
Conk. 

0.3 K, 1 
08 

0.7 Ca 


Composition. 
0.2 Fea Os 
0.3 Ala Oa 


3.60 Si Oa 
0.40 Ba O, 


Fusion 
Point 
Cent. 

990 


Fusion 
Point 
Fahr. 

1814 


07 


0.3 Ka 1 
0.7 Ca O J 


0.2 Fea Oa 
(5.3 Ala Oa 


( 3.65 SI Oa 
\ 0.35 Ba Oa 


1010 


1850 


C6 


0.3 Ka O ' 
0.7 Ca O 


0.2 Fea O. 
0.3 Ala Os 


3.70 Si Oa 
0.30 Ba Os 


1030 


1886. 


05 


0.3 K, O 1 
0.7 Ca J 


0.2 Fea Oa 
0.3 Ala Oa 


r 3.75 Si Oa 
\ 0.25 Ba Oa 


1050 


1922^ 


04 


0.3 Ka 
0.7 Ca O 


0.2 Fea Os 
0.3 Ala Os 


• 3.80 Si Oa 
O.20 Ba Os 


1070 


1958: 


03 


0.3 Ka ' 
0.7 Ca 


0.2 Fea Os 
0.3 Ala Os 


3.85 Si Oa 
0.15 Ba Os 


1090 


1994 


02 


0.3 Ka ' 
0.7 Ca O 


0.2 Fea Os 

0.3 Ala Oa 


( 3.90 Si Oa 
\ 0.10 Ba Os 


1110 


203a 


01 


0.3 Ka O ' 
r.7 Ca 


0.2 Fea Os 
0.3 Ala Os 


r 3.95 Si Oa 
\ 0.05 Ba Os 


1130 


2066^ 


1 


0.3 Ka O ^ 
0.7 Ca O J 


0.2 Fea O, 
0.3 Ala Os 


J 4 SI Oa 


1150 


2102 


2 


0.3 Ka ^ 
0.7 Ca O J 


0.1 Fea Os 
0.4 Ala Os 


J 4 Si Oa 


1170 


2138 


3 


0.3 Ka ' 
0.7 Ca 1 


0.05 Fea Os 
0.45 Ala Os 


. 4 Si Oa 


1190 


2174 


4 


0.3 Ka •\ 
0.7 Ca J 


. 0.5 Alo Os 


4 Si Oa 


1210 


22ia 


5 


0.3 Ka 1 
0.7 Ca J 


. 0.5 Ala Os 


5 Si Oa 


1230 


2246 


6 


0.3 Ka 1 
0.7 Ca 1 


. 0.6 Ala Os 


6 Si Oa 


1250 


2282 
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No. OF 

Cone. 


Composition. 


7 


0.3 Ka O 
0.7 Ca 


. 0.7 Ala Oa 


8 


0.3 Ka Oa 
0.7 Ca 


. 0.8 Ala Os 


9 


0.3 Ka 
0.7 Ca 


- 0.9 Ala Oa 


10 


0.3 Ka • 
0.7 Ca 


1.0 Ala Oa 


11 


0.3 K. O • 
0.7 Ca 


1.2AloOa 


12 


0.3 Ka " 
0.7 Ca O 


. 1.4 Ala Os 


13 


0.3 Ka O 
0.7 Ca O 


. 1.6 Ala Oa 


14 


0.3 Ka 
0.7 Ca 


. 1.8 Ala Oa 


15 


0.3 Ka O ' 
0.7 Ca 


. 2.1 Ala Oa 


16 


0.3 Ka O 
0.7 Ca 


. 2.4 Ala Oa 


17 


0.3 Ka O ' 
0.7 Ca 


. 2.7 Ala Oa 


18 


0.3 Ka O 
0.7 Ca 


. 3.1 Ala Oa 


19 


0.3 Ka 
0.7 Ca O 


. 3.5 Ala Oa 


20 


0.3 Ka ^ 
0.7 Ca O , 


. 3.9 Ala Oa 



Fusion 
Point 
Cent. 



Fusion 
Point 
Fahr. 



7 SI Oa 



8 Si Oa 



1270 2318 



1290 2354 



9 Si Oa 1310 2390 



10 Si Oa 1330 2426 



12 Si Oa 1350 2462 



14 Si Oa 1370 2498 



16 Si.Oa 1390 2534 



18 SI Oa 1410 2570 



21 Si Oa, 1430 2606 



24 Si Oa 1450 2642 



27 Si Oa 1470 2678 



31 Si Oa 1490 2714 



35 Si Oa 1510 2750 



39 Si Oa 1530 2786 
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No. OF 
CONB. 


Composition. 




0.3 K, 


^ 


21 


0.7 Ca O 
0.3 Ks 


. 4.4AI, 0, 


22 


0.7 Ca O 
0.3 Ka O 


. 4.9 Al, 0, 


88 


0.7 Ca 
0.3 Ka 


. 5.4 Al, 0, 


24 


0.7 Ca 
0.3 K, 


6.0 Al, 0, 


25 


0.7 Ca 
.3 KsO 


. 6.6 Ala 0, 


26 




. 7.2 Ala 0, 




.7CaO 


. 




.3KaO 




27 


7 Ca 


. 20 Ala Oa 


28 




AlaO. 


29 




Al. 0. 


30 




AlaO. 


31 




AlaO, 


32 




AlaO. 


33 




AlaO. 


34 




AlaO. 


35 




AlaO. 


36 




AlaO. 



44 Si Oa 



49 SI Oa 



54 Si Oa 



60 Si Oa 



66 Si Oa 



72 Si Oa 



Fusion Fusion 

Point Point 

Oknt. Fahr. 

1550 2822 



1570 2858 



1590 2894 



1610 2930 



1630 * 2966 



1660 



3002 



200 Si Oa 


1670 


3038 


10 Si Oa 


1690 


3074 


8 Si Oa 


1710 


3110 


6 SI Oa 


1730 


3146 


5 Si Oa 


1750 


3182 


4 SlOa 


1770 


3218 


3 Si Oa 


1790 


3254 


15 Si Oa 


1810 


3290 


2 SlOa 


1830 


3326 


2 SiOa 


1850 


3362 



The theory of these pyramids is that the cone bends 
over as the temperature approaches its fusing point, 
and when this is reached, the tip touches the base. If 
the heat is raised too rapidly, those cones which con- 
tain much iron swell and blister and do not bend over, 
and the best results are obtained by the slow softening 
of the cone under a gradually rising temperature. 

For practical purposes these cones are considered 
sufficiently accurate. 

In actual use they are placed in the kiln at a point 
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where they can be watched through a peep-hole but 
at the same time will not receive the direct touch of 
the flame from the fuel. It is always well to put two 
or more cones in the kiln so that warning can be had 
not only of the approach of the desired temperature 
but also of the rapidity with which the temi)erature 
is rising. 

In order to det^ermine the temperature of a kiln sev- 
eral cones of separated numbers are put in, as for ex. 
.07, 1, and 5. Suppose .07 and 1 are bent over in burn- 
ng but 5 is not affected, then the temperature of the 
kiln was between one and five; the next time 2, 3, and 
4 are put in, and 2 and 3 may be fused but 4 remain 
unaffected, indicating that the temperature reached 
the fusing point of three. 

These pyramids have been much used by foregin 
manufacturers of clay products and are coming into 
use in the United States. Numbers .01 to 10 can be 
obtained for one cent each from Prof. E. Orton, Jr., 
Ohio State University, Columbus, Ohio. 

It is rather difllcult to compare the thermo-electric 
pyrometer with Seger pyramids and say that either 
one or the other is better. The latter are well adapted 
to judge the completion of the burning. That is it 
may take the same amount of heat to burn a certain 
ware to the proper condition, as it does to bend over 
cone 5,so that when the latter goes over the burning is 
done. 

The cones do not however show whether the temper- 
ature of the kiln is r'sing steadily or fast at one time 
and slow at another, or again whether or not it may 
have dropped temporarily. 

All of these last mentioned conditions are shown by 
the thermo-electrc pyrometer, and a comparison of 
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conditions during burning, with the results obtained, 
may lead to a discovery of those conditions that will 
produce the best product. 

CHEMICAL EFFECTS OF HEATING. 

While the fusion of a clay may be looked upon in 
part as a chemical action, there are other changes 
which take place in the clay before the temperature 
of fusion is reached. These changes are : 

The driving oflf of the chemically combined water. 

The burning of the organic matter. . 

The change of limonite to hematite by the loss of 
its combined water. 

The oxidization of pyrite to sulphate which by 
further heating loses its sulphur and is also converted 
into hematite. 

The driving oflf of carbonic acid from any carbonates 
of lime or magnesia which may be present. 

The general eflfect of these changes is first to make 
the clay more porous, but subsequently to increase its 
shrinkage, and in addition the color of the clay is 
changed. 

A chemical interaction between the components of 
the clay only begins with incipient fusion. 

SLAKING. 

Clays, when thrown into water, break up more or 
less completely, or in other words, they slake. The 
process is simply one of mechanical disintegration, 
which, however, has important practical bearings. 
Some homogeneous clays on being immersed split into 
a number of angular fragments, while others flake oflf 
into scaly particles, while still others crumble down to 
a powder. This slaking action proceeds slowly or 
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quickly depending on the toughness or density of the 
clay. Some clays slake completely in two or three 
minutes, while others may be little effected by an 
immersion in water of an hour or two. 

The practical importance of slaking i^ noticed first 
in the case of clays which have to be washed for mark- 
eting, for the quicker they fall apart when they are 
thrown into water, the more rapid and sometimes the 
more thoroughly will be the elimination of the impuri- 
ties. 

In the tempering the easy slaking of a clay is also 
of importance, permitting it to be more easily broken 
up and the more thoroughly mixed with water. 

ABSORPTION. 

This varies with the amount of organic matter, fer- 
ric hydrate, and the porosity of a clay, and increases 
with all three. As has already been stated the more 
water a clay absorbs the more it has to give off in dry- 
ing and the more diflScult it is, especially in the case 
of fine grained clays, to avoid cracking. 

COLOR OP UNBURNBD CLAYS. 

Ferric oxide and organic matter are the two great 
coloring agents of the raw clay. Organic matter gen- 
erally colors a clay gray, bluish gray, or black, while 
iron according to the condition of the oxide, or the 
presence of carbonate, may impart a red, yellow 
brown, or sometimes a gray color. 

For any given amount of organic matter or ferric 
oxide, the coloration will be much more intense the 
more sandy the clay. 

In general it may be said that, organic matter ex- 
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cepted, the purer clays are usually light colored, while 
the impure ones are yellow, red, or brown. 

Organic matter however, frequently masks the iron 
coloration, and makes it often diflScult 
to determine the refractory nature of 
the material. Some elay<s , which bum. 
perfectly white may be colored black by organic 
matter as in fhe case of the sand clay from Pegram. 
Ferrous compounds not infrequently impart a gray or 
bluish tint to clay, and at times the lowe«r part of a 
clay bed may be gray while the upper portion is yellow 
or red, due to the oxidation of the iron contained in it. 

THE MINERALOGY OF CLAYS. 

Most clays are so fine grained that it is impossible 
to determine the mineral conetituents w^'th the naked 
eye, and their recognition even microscopically, is 
sometimes a matter of diffculty. At the same time 
however, there are certain minerals, which are either 
present in all clays or are to be found in a great many 
of them, and these will be mentioned in the order of 
their abundance. 

KAOLINITE. 

The mineral kaolinite is looked upon as the base of 
all clays, and while it is not wanting so far as we know 
in any of them, nevertheless, it is not as abundant as 
we have been apt to consider it, nor are the charact- 
eristic properties of clay wholly due to it. 

Kaolinite, whose formula is AljOg, SSiOj, SH^O, or 
silica 46.3 per cent., alumina 39.8 per cent., water 13.9 
per cent is ? white scaly mineral crystallizing in the 
monoclinic system, the crystals presenting the form 
of small hexagonal plates. Its specific gravity is 2.2 
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to 2.6 and its hardness is 2 to 2 J. It is naturally 
white in color and plastic when wet but very slightly 
so. The microscope shows the kaolinite to be collect- 
ed in little bunches which can be broken apart by 
grinding and thereby increasing the plasticity.* 

Kiaolinite is nearly infusible but a slight addition of 
fusible impurities lowers its refractoriness. A mass 
of kaolinite is called kaolin, and pure kaolin is practi- 
cally unknown. 

Many kaolins contain very minute scales of white 
mica, which under the microscope are hardly distin- 
guishable from kaolinite. It is not to be inferred that 
kaolinite always occurs in hexagonal plates, for in 
some clays scales of six sided outline are almost want- 
ing. 

QUARTZ. 

This mineral is present in sedimentary clays most- 
ly' in the. form of rounded grains, and sometimes in 
crystals, while in residual clays the particles are most 
commonly angular. It is an extremely hard mineral, 
which will scratch glass and possesses a shell l^'ke or 
conchoidal fracture, it is practically not attacked by 
the common acids, but is affected by alkaline solu- 
tions. This is one of the few mineral components of 
clay which, at times, occurs in grains of sufficient size 
to be recognized by the unaided eye. It may be color- 
less but the surface of the grain is not infrequently 
stained by a th'n film of iron oxide. Feldspar might 
be mistaken for it, but the latter will not scratch 
glass. 

Flint or non-trystalline silica is sometimes present 
in clays. It usually has a muddy color and a con- 
choidal fracture. 



*Gi H. Cook, Clays of New Jersey, Geological Survey, 1878. 
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Both quartz and flint are infusible at very high 
temperatures but the presence of other minerals may 
serve <to flux them. Quartz tends to diminish the 
shrinkage of the clay, and if wanting it has to be 
added during the process of manufacture. Its addi- 
tion also tends to decrease the plasticity. 

CALCITE. 

This mineral which is carbonate of lime, effervesces 
when moistened with muriatic acid, so that its pres- 
ence in clay may often be detected by the addition of 
this chemical. Calcite is a soft mineral and occurs in 
the clay, either in the form of little rhombohedral or 
powdery particles. Clays, which contain a large 
amount of it in finely divided condition, are 
said to be marly, and in some clay deposits 
certain layers may contain a larger percent- 
age of carbonate of lime than others. The 
carbonate of lime found in clays may be derived 
from particles of limestone ir the clay if it is a sedi- 
mentary one, or from the decomposition of lime-soda 
feldspar in the case of either sedimentary or residual 
deposits. Percolating water may also introduce it 
into the clay. 

GYPSUM. 

Gypsum or the sulphate of lime is found in clay in 
the form of grains, needles, well developed crystals, 
or lamellar masses. It is so much softer than calcite 
that it can be scratched by the finger nail, often has a 
pearly lustre, is transparent, and does not effervesce 
when acid is poured on it. In hard burned brick gyp- 
sum simply acts as a flux, but in lightly burned ones 
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it gives rise to soluble sulphates which cause efflores- 
cence. 

MICA. 

This mineral can be frequently detected by the nak- 
ed eye, owing to its high lustre, even when it is present 
in the form of very minute scales. It is seldom absent 
in clays and is usually found to an appreciable extent 
in even the best kaolins, for on account of its scaly 
nature and lightness, it remains suspended in water 
for a long v/hile and is consequently very hard to re- 
move by washing; small amounts of white mica are 
rarely injurious. 

Mica is usually found in those clays which have been 
derived from the breaking down of igneous or meta- 
morphic rocks, such as granitesi, gneisses or schists, 
and two species are recognized in clay, i. e. biotite and 
muscovite. The former is a complex silicate of iron, 
magnesia, and alumina, and occurs as six sided plates 
or irregular scuJes usually of a dark color. As it easi- 
ly decomposes with the formation of iron oxide, it is 
not so apt to be found in clays as the muscovite, which 
is more resistant to weathering. The muscovite is 
sometimes called potash mica, although it also con- 
tains a small amount of iron and magnesia; it is of 
silvery white or light brown color. 

Mica decreases the plasticty of clay, and tends to 
make it flaky when wet, if in a finely divided condition. 

White mica tends to increase the refractoriness of a 
clay, and to exert very little fluxing action, even at 
moderately high temperatures. 

IRON OXIDE. 

This, next to quartz, is perhaps the commonest min- 
eral impurity of clay. It occurs as earthy grains, as 
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metallic scales or as a superficial coating on other 
mineral grains found in the clay. It dissolves quietly 
in muriatic acid. Iron may also occur in the clay as 
a constituent element of many silicates, and indeed 
the effect which it produces may be caused not so 
much by the actual amount of iron oxide which is 
present, but by the condition which H is in. 

Iron oxide is very apt to form concretions in the 
clay, and these concretions which generally have a 
shell-like structure, vary in diameter commonly from 
a fraction of an inch to several inches. Siderite, the 
carbonate of iron, which is also to be found in many 
clays, likewise forms concretions or opaque rounded 
masses, which effervesce on the addition of warm 
muriatic acid. The exterior of these siderite concre- 
tions is not unfrequently altered to limonite, the 
brown or yellowish hydrated oxide of iron. Such con- 
cretions are hard and rock-like in their nature, and 
either have to be separated by screening the clay be- 
fore using, or crushed by passing the clay between 
rolls. 

PYRITE. 

This mineral is a compound of iron and sulphur, 
and the grains of it are easily recognized by their 
metallic lustre and their yellow color. It is a very 
common constituent of many fire clays, and occurs 
either in the form of small grains or concretionary 
masses of yellow crystals. Its bright metallic surface 
will serve to distinguish H from limonite which has a 
dirty appearance. 

DOLOMITE. 

This is a double carbonate of lime and magnesia, 
and may occur in a clay in the same form as calcite, 
and the effect of it is practically the same. 
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METHODS EMPLOYED IN MAKING CLAY 

ANALYSES.* 

The following brief statement of the methods em- 
ployed in making the analyses of clays for this report 
has been prepared by Dr. Charles Baskervilk, by 
whom the analyses were made : 

Moisture — Two grams are heated in a platinum 
crucible at 100** C. until they show a constant weight. 
The loss is reported as moisture. 

Loss on Ignition (combined water, and sometimes 
organic matter, etc.) — The crucible and clay are 
heated with a blast lamp until there is no further los<5 
in weight. 

Alkalies — This same portion of clayy which has 
been used for determining moisture and loss, is treat- 
ed with concentrated sulphuric and hydrofluoric acids 
until it is completely decomposed. The acids are 
evaporated off by heating' upon the sand-bath. The 
cooled crucible is washed out with boiling water to 
which several drops of hydrochloric acid have been 
added. The solution after being made up to about 
five hundred cubic centimetres is boiled, one-half 
gram ammonia oxalaite added and made alkaline with 
ammonium hydroxide; the boiling is continued until 
but a faint odor of ammonia remains. The precipitate 
is allowed to settle and is separated from the liquid 
by fllflering land washed three tomes with vboiling 
water. The filtrate is evaporated to dryness and ignit- 
ed to drive off ammonia salts. The residue is treated 
with five cubic centimetres of boiling water, two or 
three cubic centimetres of saturated ammonium car- 
bonate solution are added and the whole is filtered 

^Reprinted from Bulletin No. 13, North Carolina Oeologioal Surrey, 
1897. 



46 GENERAL DISCUSSION OF CLAYS. 

into a weighedi crucible or dish. The precipitate is 
washed three or four times with boiling water and the 
filtrate evaporated to dryness. Five drops of sul- 
phuric acid are added to the residue, and then the cru- 
cible or dish is brought to a hot heat, cooled in a des- 
icator, and the alkalies are weighed as a sulphate. 

To separate the alkalies, the sulphates are dissolved 
in hot water, acidified with hydrochloric acid, suffi- 
cient platinum chloride added to convert both sodium 
and potassum salts into double chlorides; the liquid 
is evaporated to a syrup upon a water-bath, eight 
per cent, alchohol added, and filtered through a Gooch 
crucible or upon a tared filter paper. The precipitate 
is thoroughly washed with eighty per cent, alcohol, 
dried at 100° C. and weighed; the potassium oxide is 
calculated from the double chloride of potassium and 
platinum. 

When magnesium was present to as much as one- 
half of one per cent., the magnesium hydroxide was 
precipitated with barium hydroxide solution and the 
barium in turn removed by ammonium carbonate. 
When the amount of magnesium was less than the 
amount named, this portion of the ordinary process 
was not regarded as necessary. 

8ilica — Two grams of clay are mixed with ten 
grams of sodium carbonate and one-half gram of pot- 
assium nitrate and brought to a calm fusion in a plati- 
num crucible over the blast lamp. The melt removed 
from the crucible is treated with an excess of hydro- 
chloric acid and evaporated in a casserole to dryness 
upon a water^bath, and heated in an air-bath at 110* 
C. until all the hydrochloric acid is driven oflf. Dilute 
hydrochloric acid is added to the casserole now, and 
the solution brought to boiling and rapidly filtered. 
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The silica is washed thoroughly with boiling water 
and then ignited in a platinum crucible, weighed, and 
moistened with concentrated sulphuric acid. Hydro- 
flouoric acid is cautiously added until all the silica has 
disappeared. The solution is evaporated to dryness 
upon a sand-bath, ignited and weighed. The differ- 
ence in weight is silica. 

Iron Sesquioxide — The filtrate from the silica is 
divided into equal portions. To one portion in a reduc- 
ing flask is added metallic zinc and sulphuric acid. 
After reduction and filtration to free the liquid from 
undissolved zinc and carbon, the iron is determined 
by titration with a standard solution of potassium 
I)ermanganate. 

Alunnnium Oande-^^To the second portion, which 
must be brought to boiling, ammonium hydroxide is 
added in slight excess, the boiling continued from two 
to five minuts, the precipitate allowed to settle and 
then caught upon the filter, all of the chlorides being 
washed out with boiling water. The precipitate is 
ignited and weighted as a mixture of aluminium oxide 
and iron sesquioxide. The amount of iron sesquioxide 
already found is taken from this and the remainder 
reported as alumina. 

Calcium Oxide — The filtrate from the precipitate 
of iron and aluminium hydroxides is concentrated to 
about two hundred cubic centimetres, and the calcium 
precipitated in a hot solution by adding one gram of 
ammonium oxalate. The precipitate is allowed to 
settle during twelve hours, filtered and washed with 
hot water, ignited and weighed as calcium oxide. 
When the calcium is present in notable amounts, the 
oxide is converted into the sulphate and weighed as 
such. 

Magnesium Oxide — The filtrate f^om the calcium 
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oxalate precipitate is concentrated to about one hund- 
red cubic centimetres, cooled, and the magnesium pre- 
cipitated by means of hydrogen disodium phosphate 
in a strongly alkaline solution, made so by adding ten 
cubic centimetres of ammonium hydroxide (0.90 sp. 
gr.). The magnwium ammonium phosphate, after 
standing over nigjat, is caught upon an ashless filter, 
washed with water containing at least five per cent, 
ammonium hydroxide, burned and weighed as mag- 
nesium pyrophosphate. 

The insoluble residue is determined by dige^iting 
two grams of clay with twenty cubic centiments of 
dilute sulphuric acid for six or eight hours on a sand- 
bath, the excess of acid being finally driven off. One 
cubic centimetre of concentrated hydrochloride acid 
is now added and boiling water. The insoluble i)or- 
tion is filtered oflf, and after being thoroughly washed 
with boiling water is digested in fifteen cubic centi- 
metres of boiling sodium hydroxide of ten per cent, 
strenth. Twenty-five cubic centimetres of hot water 
are added and the solution filtered through the same 
filter paper, the residue being washed five or six times 
with boiling water. The residue is now treated with 
hydrochloric acid in the same manner and washed up- 
on the filter paper, and free from hydrochlOx'c acid, 
is bximed and weighed' as insoluble residue. 

A portion of this is treated as the original clay for 
silica, aluminium oxide and iron oxide. Another por- 
tion is used for the determination of the alkalies in 
the insoluble residue. 

Titanic Oxide — One-half gram of clay is fused with 
five grams potassium b^'sulphate and one gram sodium 
fluoride in a spacious platinum crucible. The melt is 
dissolved in five per cent, sulphuric acid. Hydrogen 
dioxide is added to an aliquot part and the tint com- 
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pared with that obtained from a standard of t'tanium 
sulphate. 

Sulphur (total present) — ;The sulphur is deter- 
mined by fusing one-half gram of clay with a mixture 
of sodium carbonate, five parts, and i)otassium nit- 
rate, one pai>t. The melt is brought into solution with 
hydrochloric acid. The silica is separated by evapora- 
tion, heating, resolution, and subsequent filtration. 
Hydrochloric acid is added to the filtrate to at least 
five per cent, and the sulphuric acid is precipitated 
by adding barium chloride in sufficient excess, all solu- 
tions being boiling hot. The barium sulphate is filt- 
ered off and washed with hot water, burned and weigh- 
ed as such. 

Ferrous Oxide — is determined by fusing one-half 
gram of clay with five grams sodium carbonate, the 
clay being well covered with the carbonate, the top be- 
ing upon the crucible. The melt is dissolved in a mix- 
ture of dilute hydrochloric and sulphuric acids in an 
atmosphere of carbon dioxide. The ferrous iron is 
determined at once -by titration with a standard pot- 
assium permanganate solution. 

The rational analysis is made from the results ob- 
tained by the chemical analysis in the following way : 
The alumina found in the portion insoluble in sul- 
phuric acid and sodium hydroxide is multiplied by 
3.51. This factor has been found to represent the 
average ratio between alumina and silica in orthoclase 
feldspar; therefore the product just obtained would 
represent the amount of silica that would be present 
in undecomposed feldspar. The sum of this silica with 
the alumina, ferric oxide and alkalies equals the 
"feldspathic detritus." The difference between silica 
as calculated for feldspar and the total silica in the 
insoluble portion represents the "quartz" or "free 
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sand." The diflference between that portion of the 
sample insoluble in sulphuric acid and sodium 
hydroxide and the total represents the "clay sub- 
stance." The method of analysis used to detrmine 
the mineralogical character of the clay is called the 
rational method, and when carried out in its simplest 
form, determines the amount of clay substance or 
kaolinite, quartz, and feldspar present 'n the clay. If 
carried out more completely, it enables us to calculate 
the amount of calcite or limestone (calcium carbon- 
ate)' iron oxide and even mica in the clay. 

THE RATIONAL ANALYSIS OF CLAY. 

The rational analysis of clay consists in resolvinc^ 
the clay into its mineralogical elements, thus giving 
a clue to its physical as well as its chemical properties. 
It is often utilized by manufacturers of porcelain and 
other high grades of ware as a guide in the compound- 
ing of their mixtures. 

The ordinary quantitative or ultimate analysis 
regards the clay as a mixture of oxide of the elements, 
although they may be present in entirely different 
combinations, such as silicates, carbonates, hydrates, 
sulphates, etc. This condition of combination is im- 
portant for it makes a difference in the behavior of 
the clay. Thus for instance, if silica is present in the 
form of quartz it will decrease the shrinkage and also 
increase the refractoriness up to a certain point, but 
if present as a component element of feldspar it serves 
as a flux and also increases the plasticity somewhat. 

It is not intended though that the rational analysis 
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shall fully supplant the ultimate one for each serves 
its own purpose. 

The ultimate analysis may be used to supply in- 
formation on the following points. 

1. The purity of the clay, by showing the propor- 
tions of silica, alumina^ combined water and fluxing 
impurities. 

2. From the ultimate analysis we can form a gen- 
eral idea regarding the refractoriness of the clay, for, 
other things being equal the greater the total sum of 
the fluxing impurities, the more fusible the clay. 

3. The color to which the clay burns may also be 
judged approximately for the greater the amount of 
iron in the clay the deeper red will it burn, provided 
the iron oxide is evenly distributed, and there is 
not an excess of lime in the clay. If the proportion of 
iron to lime is as 1; 3, then a buff product results, 
l^rovided the clay is only heated to incipient fusion or 
vitrification. The above conditions will be affected 
by a reduMng atmosphere in burning or of sulphur in 
the fire gases. 

4. Clays with a Wrge amount of combined water 
sometimes exhibit a tendency to crack in burning. 
This combined water would be shown in the ultimate 
analysis. 

5. A large excess of silica would indicate a sandy 
clay. 

The connection between refractoriness and chemical 
composition may be illustrated by the following 
analysis. 
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The following analyses indicate this fact : 

12 3 

Per cent. Per cent. Per cent 

SiOa 47.20 69.50 54.90 

AlaOa *. 36.50 13.00 18.03 

FeaOg 2.56 6.40 6.03 

CaO tr. .25 2.88 

MgO tr. tr. 1.10 

Alkal'es tr. 3.40 

HaO 13.35 6.70 6.90 

Moisture 50 3.40 3.17 

Total fluxes 2.56 6.65 13.41 

DEG. F. DEO. F. DEO. F. 

V^iscosity or fusion point. Above 2700 2300 1900 

1. Chalk Bluff. Marion Co., Ala., U. 8. Oeol. Surv. 18th Ann. Rep., Party, 
(continued), p. 1128. 
7. Fembank, Lamar Co., Ala. Ihid. 
3. Norbome, Mo. Mo. Oeol. Surv., XI. Ann, Rep. 

This is practically the full extent to which the ulti- 
mate analysis can be used ; and there still remain 
to be explained a number of physical facts concerning 
any clay which happens to be under consideration. 

It frequently happens that two clays approach each 
other quite closely in their ultimate composition, and 
still exhibit an entirely different behavior when burn- 
ed. The explanation which most quickly suggests it- 
self is, that the elements present in the two clays are 
differently combined. Some method of resolving the 
clay into its mineral components, so as to indicate the 
condition in which the elements are present is there- 
fore practically needed. 

As kaolinite results from the decomposition of feld- 
spar, the kaolin is quite sure to contain some unde- 
composed feldspar, and also some quartz, and (in 
smaller amounts) mica, since the two latter minerals 
are common associates of the feldspar. 

If, now, we know the amount of feldspar, quartz 
and kaolinite or clay-substance in the kaolin, and the 
effect of these individual minerals, we can form a far 
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better opinion of the probable behavior of the clay in 
burning. 

When mica is present, it ^*s dissolved out with the 
kaolinite and reckoned in as clay-substance, but it is 
rarely present in large amounts, and may perhaps 
alter the character of the clay-substance but little, for 
finely ground white mica possesses plasticity, and can 
be formed and dried without cracking. It is more re- 
fractory than feldspar, and holds its form up to 
1400° C* 

In the following table are given the ultimate and 
rational analyses of a number of kaolins, which show 
how a constancy of ultimate composition may be ac- 
companied by variations in the rational analysis : 



* G. Vogi, CAem. News, 1890, p. 316. 
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From this table a number of interesting conclusions 
may be drawn. Columns 1 and 2 represent two clays 
whicli agree very closely in their ultimate composi- 
tion ; but in the rational analysis there is a difference 
of 6 per cent, in the clay-substance, 12 per cent, in 
quartz, and nearly 19 per cent, in the feldspar. Nos. 
3 and 5 and 10 and 12 also illustrate this point. 

In Nos. 6 and 7, one a German, and the other a 
North Carolina kaolin, the ultimate analyses are very 
closely alike, and the rational analyses also agree very 
well. This is frequently the case when the clay-sub- 
stance is very high, between 96 and 100 per cent., as in 
Nos. 9 and 11. 

A third case would be presented if the rational an- 
alyses agreed, but the ultimates did not. Such in- 
stances, however, seem to be much less common. 

The practical value of the rational analysis bears 
chiefly upon those branches of the clay-working in- 
dustry, such as manufacture of porcelain, white earth- 
enware, fire-brick and glasspots, which use materials 
with comparatively few fusible impurities (iron, lime, 
magnesia). 

There is much concerning clays which sitll remains 
unexplained, but it seems probable that, other things 
being equal, two clays having the same rational com- 
position will behave alike. 

We can illustrate this point, by the foUownig tests 
made on washed kaolins from the vicinity of Senne- 
witz, near Halle, Germany. From the figures given 
below, it will be noticed that in the case of Nos. 1 and 
2 there is a close agreement in the shrinkage, which 
amounted to about 10 per cent, whcin the clay was 
heated up to the temperature of a hard-porceclain 
kiln. In Nos. 3 and 4 the shrinkage is very nearly the 
same, but greater than in Nos* 1 and 2, because the 
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rational composition has changed, there being a mark- 
ed increase in the amount of feldspar. 

If there hed been much difference in the size of the 
clay-particles of Nos. 3 and 4 or Nos. 1 and 2, the 
shrinkage in each case would probably have been dif- 
ferent. 

Table II. — Rational Analysis and Shrinkage of Clays. 
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Hard Porcelain 


Feldspar. 


Quartz. 


Clay-Substance. 


Fe,0. 


Fire 


Pep cent. 


Per cent. 


Per cent. 


Per cent. 


Per cent 


1.69 


33.86 


64.55 


0.75 


. 10.20 


1.21 


38.39 


65.40 


0.73 


10.10 


8.64 


31.69 


59.68 


0.30 


12.90 


8.25 


35.15 


56.60 


0.30 


12.00 



The d^ree of fineness of the clay-particles, and per- 
haps their shape also, probably exert more influence 
on the shrinkage than has been imagined, but just how 
far this make® itself felt is still undetermined. 

As an illustration of the practical use of the rational 
analysis we may take the following : 

Suppose that we are using for the manufacture of 
porcelain or fire-brick a kaolin which has 67.82 per 
cent, of clay-substance, 30.93 of quartz, and 1.25 of 
feldspar, and that to 100 i)arts of this is added 50 
parts of feldspar. This would give us a mixture of 
45.21 per cent, of clay substance, 20.62 of quartz, and 
34.17 of feldspar. 

If now for the clay we had been using, we substitu- 
ted one with 66.33 per cent, of clay-substance, 15.61 
of quartz, and 18.91 of feldspar, and made no other 
changes, the mixture would then contain 44.22 per 
cent, of clay-substance, 10.41 of quartz and 45.98 of 
feldspar. 

This last mixture shows such an increase in feldspar 
that it must give much greater shrinkage and fusibil- 
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ity; but knowing the rational analysis of the new 
clay, it would be easy to add quartz or feldspar so as 
to bring the mixture back to its normal composition. 

The application of the method of rational analysis 
to impure clays is not quite as satisfactory, but at the 
same time not as necessary. In the treatment, the 
iron, if present as oxide, and lime or magnesia, if car- 
banotes, are dissolved out with the clay-substance. 
The silicate minerals are grouped with the feldspar, 
and the clay thus becomes divided into clay-substance 
(kaolinite, ferric oxide, lime and magnesia carbon- 
ates), feldspar or feldspathic detritus; and quartz. 
If the percentage of ferric oxide and carbonates is 
high, it is necessary to determine them separately in 
the ultimate analysis. 

In making a rational analysis, the clay is jtreated 
with strong sulphuric acid, which decomposes the kao- 
lin into sulphate of alumina and hydrous silica. The 
former is soluble in water, while the latter is removed 
with caustic soda, and we get an insoluble residue con- 
sisting of quartz and feldspar. In this residue the 
alumina is determined and the feldspar calculated. 

Another way of conducting the rational analysis, 
and one which is chiefly applicable when the clay con- 
tains other minerals besides the kaolin, quartz and 
feldspar, such as carbonate of lime, ferric oxide, or 
mica, consists in analysing the insoluble residue and 
calculating the mineral percentages from this. 

THE CLASSIFICATION OF CLAYS. 

As it is possible to find every gradation from the 
purest to the most impure clays any classification that 
is attempted, will necessarily be more or less unsatis* 
factory. It is of course possible primarily to make 



58 GENERAL DISCUSSION OF CLAYS. 

two great divisons i. e. residual and sedimentary, and 
to these might perhaps be added a third class of clays, 
namely, those formed by chemical precipitation. Un- 
der each of the first two classes, it would be possible 
again to find every gradation from pure to impure. 

It is not possible to make any classification based 
upon the practical applications of the materials, for 
some clays are used for as many as four to five dif- 
ferent purposes, and it is probable that some classi- 
fication which simply recognizes four or five important 
groups is probably the most satisfactory and the least 
confusing. Hill makes the following divisions :* 

China clays. 

Plastic, ball, pottery clays. 

Brick clays. 

Refractory or fire clays. 

He furthermore makes another table based on the 
origin of the clay as found in the United States : 

I — WHITE BURNING CLAYS. 

1. Rock or residual kaolin. 

2. Indianite or Indiana kaolin. 

3. Florida or sedimentary kaolins. 

4. White burninir plastic clays. 

II — COLOR BURNING CLAYS. 

Mixed clays — 

1. Brick clays, (Siliceous). 

2. Marly clays, (Calcareous). 

3. Pink clays, (Ferruginous). 

2. Cement clayp, (Silico-calc^reous). 

5. Alum clays. 

Altered clays (shale and slate). 



•U. S. G^ol. Survey, Mineral Resources, 1893. 
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A classification which has been made by Seger, the 
great German Ceramic Chemist, gives : 

1. Yellow burning y containing lime and iron. 

2. Red hxirning, non-aluminous, ferruginous clays, 
which are free from lime. 

3. White and yellow burning. These clays are low 
both in lime and iron. 

4. White burning, low in iron and high in alumina, 

THE MINING AND PREPARATION OP CLAYS. 



RPOSPECTING FOR CLAYS. 

Clay deposits are best seen in those regions where 
rivers and brooks have cut gullies and ravines, the clay 
showing on the sides of the cut. In such locations the 
thickness of the deposit and variation in its character 
vertically are well shown. Similar sections are to be 
loooked for along railroads. As the beds are apt to 
wash down it is necessary to clean the surface of the 
cut before taking any sample for tesrting, and even 
then great care must be observed to insure the sample 
being an average one. 

Apart from cuts the preseoice of clay can often be 
determined by the character of the vegetation, the na- 
ture of the soil, or upturned tree roots. 

The outcropping of clay in a ravine should not be 
depended on alone, but in addition borings should be 
made to determined the depth and extetnt of the de- 
posit, and persistance of the different layers if there 
is a variation in them. 

Shale often forms cliffs or steep slopes, at the base 
of which there may be a talus of partly weathered 
fragments and soft clay; in fact the outcrop of a shale 
deposit may be covered by the clay into which it has 
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slaked under the influence of weathering. In some 
localities this mellowed outcrop may be only a few 
feet thick, but in many it is of sufficient volume to sup- 
ply a small brick yard, without the necessity of at- 
tacking the fresh shale beneath. 

MINING OF CLAYS*- 

Clays, when soft and plastic, are mostly dug with 
pick and shovel, loaded on wheel-barrows, carts or cars 
and hauled to the works. If the deposit is broadi and 
shallow the clay is usually dug at any convenietnt 
point; often any overlying sand or other useless ma- 
terial has been first removed and used for filling in or 
some other purpose. 

If the bank is located on the hillside, and has con- 
siderable height, it is worked out in broad steps, the 
object of this being to prevent the bank from sliding 
in wet weather. 

When the bank is near the works, wheel-barrows or 
carts can be used to haul the clay, but far distances, 
over 600 feet, it pays to lay tracks and use cars, haul- 
ed either by horse or steam power. 

Underground methods of mining are only used in 
case the amount of overlying material is very great. 
It is chiefiy used for shale deposits. 

Steam shovels are employed for sandy clays or soft 
shales at some localities in the United States, but 
most shales are mined by blasting, and the fragments 
thus loosened are sent to the works. 

Where the clay is rough, and the face of the bank 
12 or 15 feet high, a plan often followed is to under- 
mine it by picking at the base, and then inserting 
large wooden wedges at the top. This brings down 

*Tlii8 does not include the mining of kaolin, which is treated separatelr. 
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■ a large mass at once, the fall serving to break it up. 
While eflfeetive, this method is often attended with 
danger. 

MININq OF KAOLIN. 

Kaolin is usually sufficiently soft in nature to be 
mined by means of the pick and shovel. In some por- 
tions of the beds near Valley Head streaks of halloy- 
site are found in the clay, which are quite .hard, but 
they are of such a limited extent as not to cause much 
extra trouble. If the (Jeposit is deep, narrow, or in- 
terbedded with other f<^rmations which are too thick 
to be removed by stripping, or if again the kaolin does 
not run regular in its composition, it is often advisable 
to follow the better portions of the bed, or the narrow 
vein if it is such, by means of shaft, levels, or slopes. 
These sometimes have to be timbered, at other times, 
as at Valley Head, they do not. 

In the case of deposits which are large and broad, 
it is most economical to operate them as quarry work- 
ings or open pits, digging out the material and loading 
it on the cars or wheel-barrows which convey it to 
the washing plant. If a pit is large and broad the 
sides, instead of being dug out vertically, should be 
left in benches to prevent the washing down of the 
bank. 

In North Carolina, where most of the kaolin, depo- 
sits are vein formations whose depth is comparatively 
great as compared with their width, the method ad- 
opted is to sink a circular pit in the kaolin about 25 
feet in diameter. As the pit proceeds in depth it is 
lined with crtb work of wood, and this lining is ex- 
tended to the full depth of the pit, which varies from 
50 to 100 or even 120 feet. When the bottom of the 
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kaolin has been reached the filling in of the pit is 
begun, the crib work removed from the bottom up- 
ward as the filling proceeds. If there is any overbur- 
den this is used for filling in the pit, and as soon as pit 
is worked out a new one can be sunk in the same 
manner right next to it. In this way the whole vein is 
worked out, and if the deposit is large, several pits 
may be sunk at the same time to increase the output 
of the mine.* 

Hydraulic mining has been tried with some success 
in some very sandy loose-grained kaolins, but it would 
not work in any of the deposits in Alabama, which the 
writer has thus far examined. The method to state it 
briefly, consists in washing the clay down into the 
bottom of the pit whence it is sucked up by means of 
a pump and discharged into washing trough from the 
(*onveying pipe, it being sometimes necessary to have 
a scraper to stir or loosen up the clay in order to per- 
mit its being drawn up more easily. This is a cheap 
and rapid methed where it can be employed, but most 
kaolins are too dense and not sandy enough to allow 
of its being used. 

THE WASHING OF KAOLINS. 

As has already been stated, most kaolins have to be 
washed before shipment, and one of two methods may 
be employed, i. e. washing in tanks or troughing. 
With the first method or that of washing in tanks, the 
kaolin is thrown into large circular tubs filled with 
water, in which it is stirred up by means of revolving 
arms and the clay lumps thereby disintegrated. By 
this treatment the fine kaolinite particles as well as 
very fine grains of mica, feldspar, and quartz remain 

*H. Bi«p, Clay Deposits and Clay Industry in North Carol'na Balletfn No. 13. 
N. C. Geol. Surv., p. 54. 
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suspended in the liquid while the cotirser grains set- 
tle on the bottom of the tank. The water with the 
suspended clay is then drawn off to the settling tanks. 

A modification of this con^^ists in the use of a large 
cylinder closed at both ends and set in a horizontal 
position; through this cylinder passes an axis with 
iron arms, the revolution of the latter serving to break 
up the clay, which is discharged through a hopper at 
the top. A current of water passes through the cylinder 
and carries the fine clay particles with it while the 
coarse ones are left behind in the machine. The speed 
of the current has to be regulated by experiment, 
for if too much water is used coarse material 
will be washed out of the cylinder, and 
conversely, if the current is too slow the clay 
will not yield a sufficient percentage of 
washed product. One objection to this apparatus is 
that it has to be stopped from time to time to remove 
the coarse sand from the machine. 

The method most commonly used at the present 
day for washing kaolin, is by troughing and its gen- 
eral detail is as follows : 

As the kaolin comes from the mine it is generally 
discharged into a log washer, which consists of a semi- 
cylindrical trough in which there revolves a horizont- 
al axis, bearing short arms. The action of these arms 
breaks up the kaolin more or less thoroughly, depend- 
ing on its density, and facilitates the subsequent wash- 
ing. The stream of water directed into the log washer 
sweeps the kaolin and most of the sand into the wash- 
ing trough, which is about 15 inches wide and 12 
inches deep. It may be wider and deeper if the kaolin 
is very sandy; in fact it should be. The troughing is 
about 700 feet long, and to utilize the space thorough- 
ly, it is broken up into sections, 50 feet to each is a 
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good length, these being arranged paralleled, and 
connected at the ends, so that the water, with sus- 
pended clay, follows a zigzag course. 

This troughing has a slight pitch which is common- 
ly about one inch in twenty feet, but the amount of 
pitch depends upon the kaolin, and whether the sand 
which it contains is fine or coarse. If the kaolin is 
very fine, and settles slowly, the pitch need not be so 
great and vice versa. A large quantity of very coarse 
sand) in the kaolin is a nuisance as it clogs up the log 
washer, and upper end of the trough more quickly and 
causes so much more labor to keep them clean. As it 
is, considerable sand settles there, and, to keep the 
trough clear, sand wheels are used. Theses are wooden 
wheels bearing a number of iron scoops on their peri- 
phery, as the wheels revolve these scoops catch up a 
portion of the sand which has settled in the trough, 
and as each scoop reaches the upper limit of its turn 
on the wheel, it, by its inverted position, drops the 
sand outside of the trough. These sand wheels are an 
aid, but it is often necessary, in addition, to keep a 
man shoveling the sand from the trough. 

If the sand is finer it is not dropped so quickly, but 
is distributed more evenly along the trough, and does 
not clog it up so fast. 

The zigzag arrangement of the troughing has been 
objected to by some, as it produces irregularities in 
the current causing the sand to bank up in the corners 
at the bends, and also at certain points along the sides 
of the troughing.* 

The effect of this is to narrow the channel, and con- 
sequently to increase the velocity of the current, there- 
by causing the fine sand to be carried still further to- 

*E. Hotop, Thonindnstrie Zeitnng. 1833. 
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ward the settling tank. This difficulty, which is not 
often a serious one, has been obviated either by hav- 
ing the troughing longer or by allowing the water and 
suspended clay, bb they come from the log washer, to 
pass through a section of straight trough, and from 
this into another one, of the same depth but five or 
six times the width, and divided by several longitu- 
dinal partitions. The water and the clay then pass 
into a third section, twice as wide as the second, and 
divided by twice the number of longitudinal divisions. 
By this means the water moves only in a straight 
course, but as it is being continually spread out over 
a wider space it flows with an ever decreasing velocity. 
By the time the water has reached the end of the 
troughing, nearly all of the coarse grains have been 
dropped and the water is ready to be led into the set- 
tling vats, but as a further and necessary precaution 
it is discharged on to a screen of one hundred meshes 
to the linear inch, the object of this being to remove 
any coarse particles that might possibly remain, and 
also to eliminate sticks and other bits of floating dirt 
that are sure to find their way in. 

Two kinds of screens can be used, (1) stationary, 
and (2) revolving. 

The stationary screen is simply a frame with a cop ^ 
per cloth and set at a slight angle. The water and sus- 
pended kaolin fall on the screen, and pass through. 
A slight improvement is to have two or three screens 
which overlap each other so that whatever does not 
get through the first will fall on the second. If the 
vegetable matter and sticks are allowed to accumu- 
late, they stop up the screen, and prevent the kaolin 
from running through, consequently the stationary 
screens have to be closely watched'. 
The revolving screens are far better for they are 
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self cleaning. Such screens are barrel shaped, and the 
water, with the kaolin in suspension, is discharged 
into the interior and passes outward through the screen 
cloth. As the screen revolves, the dirt caught is car- 
ried upwards and finally drops; but instead of falling 
down upon the other side of the screen, it falls upon a 
board, which diverts it out upon the ground. 

The settling tanks, into which the kaolin and the 
water are discharged, may be and often are about 
eight f^t wide by four feet deep, and fifty or more 
feet long. As soon as one is filled the water is diverted 
into another. 

The larger a tank, the longer will it take to fill it, 
and allow the kaolin to settle, and delays due to this 
cause them to be expensive, especially when the market 
takesthe output of washed kaolin as soon as it is ready. 

Small tanks have the advantage of permitting the 
slip to dry more quickly, especially when the layer of 
clay is not very thick, and furthermore a small pit 
also takesi less time to fill and empty, but one dis- 
advantage urged against a number of small tanks is 
that a thorougly average product is not obtained ow- 
ing to the thin layer of settlings and the small amount 
iii each. In addition to this a series of small tanks 
' requires considerable room. 

The advantages claimed for large tanks are that the 
clay can be discharged into any one for a considrable 
period, and, if the clay deposit varies in character, the 
different grades get into one tank and a better average 
is thereby obtained. 

If the kaolin settles too slowly, alum is sometimes 
added to the water to hasten the deposition. When 
the kaolin is settled, most of the clear w^ater is drawn 
off, and the cream like mass of kaolin and water in the 
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bottom of tlie yat is drawn off by slip pumps aijd for- 
ced by these into the presses. , 

The presses consist simply of flat iron or wooden 
frames between which are flat canvas bags. These 
bags are connected by nipples with a supply tube from 
the slip pumps, and by means of the pressure from the 
pumps nearly all of the water is forced out of the 
kaolin and through the canvass. 

When all of the water possible, is squeezed out the 
press is opened and the sheets of semi-dry kaolin are 
taken out. It is then dried either on racks in the open 
air or in a heated room. 

As for every ton of crude kaolin usually only about 
two-fitths oi one-fourth of a ton of washed kaolin is 
obtained, it is desirable to have the washing plant at 
the mines, for it avoids the hauling of 60 to 
70 per cent, of useless sand which has to be washed 
out before the kaolin can be used or even placed on 
the market. 



II. 

GEOLOGICAL RELATIONS OF THE 
CLAYS OF ALABAMA, 

By Eugene A. Smith, Ph. D. 



The basis of all clays is kaolinite, the hydrated 
silicate of alumina resulting from the chemical decom- 
position of alumina baring minerals which occur as 
essential constituents of igneous rocks. In this de- 
composition, as Dr. Eies has shown, the soluble con- 
stituents are leached out while the kaolinite remains 
behind as an insoluble residuum, more or less mixed 
with the other nsoluble matters of the original 
minerals. 

In this form the clay might be called a chemical 
clay, since it is the direct result of a chemical decom- 
position, having undergone no further modification 
by being taken up, transported and redeposited. 

There is another form of residual clay which may 
be distinguished from the above, and that is the clay 
resulting from the decomposition of impure limesltone. 
Naturally this variety is usually less free from foreign 
matters than the other. 

These residual clays taken up and redeposited by 
running waters are incorporated in the stratified de- 
posits of any later age. 

The clay deposits of the different geological form- 
nations of Alabama have each its well marked pecu- 
liarities, and the geological formations are clearly de- 
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fined, so (that an account of the geological relations of 
these clays becomes a guide at once to the several va- 
rieties, and to their geographical distribution. 

ARCHAEAN AND ALGONKIAN. 

These two formations include in Alabama all the 
crystalline rocks of both igneous and sedimentary 
origin. It is generally acknowledged that kaolinite, 
which is the basis of all clays, has its origin in the de- 
composition of the minerals composing the igneous 
rocks, the chief kaolinite producing mineral being 
feldspar. It is. therefore, in the area of our crystalline 
or metamorphic rocks that we are to look for the origi- 
nal deposits of kaolinite. More especially, it is the 
granites, the pegmatites or graphic granites, that occur 
the largest proportion of feldspar, and consequently 
yield the largest proportion of kaolinite, and of the 
granites, thepegmatites or graphic granites, occurring 
in veins which traverse the other crystalline rock, are 
by far the most important in this respect. 

The clays occurring in this form have been spoken 
of by Dr. Eies as vein clays, and they are, as a rule, 
very slightly plastic, for the reason that they have not 
been subjected to the comminuting processes neces- 
sary to develop the highest degree of plasticity. 

A belt of mica schists with frequent veins of peg- 
matite, extends from Cleburne county and adjacent 
parts of Randolph, through Clay and Coosa inta 
Chilton county, and in numerous places, the decay of 
the granite veins has given rise to the formation of 
deposits oJf kaolinita The other two constituents of 
these granites, viz., quartz and mica, occur like the 
feldspars in large masses, and thus the places which 
produce mica in large sheets are at the same time the 
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places where the kaalinite is to be found. Below, a 
certain depth from the surface the feldspar of these 
granitic veins hste escaped the action of the atmos- 
phere, and is in its original form, while nearer the 
surface it has generally been converted into kaolinite. 
It is evident that in all these primary or original de- 
posits the kaolinites mixed with the other and less 
destructible constituents of ihe granite, viz., the 
quartz and the mica, and by consequence all the 
kaolinite from such original deposits must be washed 
to free it from these substances. When »the granite 
oi* granitic rock contains comparatively little of iron- 
bearing minerals the resulting kaolinite will be cor- 
respondingly free from iron stain and of pure white 
color, and thus suitable for the manufacture of the 
finer grades of stone ware or china. 

All the important deposits of this kind are, at the 
present time, at a distance from any railroad, and 
none of them have been developed in a commercial 
way. We have at hand very few analyses and (tests 
made of these kaolinites. A material of th^'s kind 
from near Louina in Randolph county was analyzed 
many years ago by Dr. Mallett for Prof. Tuomey, 
with the foUowinp* result: 

Ancdyata of Kaolinite from Louina, Randol/A Co. 

Silica 87.29 

. Alumina 81. W 

Ferric Oxide trace 

Potash, Lime and Magnesia o.»2 

Water 16.09 

Undecomposed Mineral 14.28 

Prof. Tuomey remarks upon the absence of iron in 
this kaolinite as most favorable to its use in making 
fine porcelain ware, and he predicts that when Ran- 
dolph county has communication by railroad with the 
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outside world, the oceurreilce of porcelain clay in the 
county will becopjie a matter of economic importance. 

These p^matite veins with theit mica and kaoli- 
nite, are very numerous in the upper half of Randolph 
county, and' also in the adjacent parts of Cleburne and 
Clay, and test pits have been sunk in hundreds of 
places to show up both the kaolinite and the mica. Dr. 
Caldwell of the Elyton Land Company, had thia kao- 
linite thoroughly tested both as to its suitability for. 
the manufacture of porcelain ware and as to its re- 
fractory character. The pottery ware made from it 
came in competition with the best pottery wares in 
America and took a prize ait the. Art Institute Fair 
in Philadelphia, in December, 1890. Brick made from 
it also was subjected to the highest temperature of 
the furance and was declared practically infusible. 
These deposits lie near M ilnei, Pinetucky, Micaville, 
in Randolph, and near Stone Hill, Mr. Jas. Denman's 
and other places in Cleburne. The same belt extends 
southwestward through Clay and Coosa into Chilton, 
and has been tested at various places along this line. 

In this region of the crystalline rocks, one may 
everywhere observe the gradual* (transition from the 
solid rock through decayed schists into complete soil, 
which is generally a clayey loam, more or less stain- 
ed wih iron. A reddish clay is thus seen to be a 
part of the residual matters left by the general decay 
of (the rocks of this section, but this clay is^ as a rule, 
so much mixed with quartz, mica, fragments of un- 
decomposed rock, that it can serve very seldom for 
anything more than material for the manufacture 
of building brick. Residual clays of this character 
are of universal occuri'ence throughout ithe region of 
our crystalline rocks. 

It is not difficult to understand how under certain 
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conditions, the finer portions of these residual clays 
may be taken in suspension in running waters and 
redeposited at greater or less distances from their 
place of origin in depressions, or along slopes. In 
this way are often formed secondary deposits of 
pretty fair plastic clays, sometimes mixed with sand 
in proportion to serve well as material for good build- 
ing brick. An illustration of this may be cifed near 
Wedowee in Randolph county, and there are many 
instances where the residual clays of the country as 
well as these redeposited masses are utilized both for 
the manufacture of buildings brick of excellent 
quality, and for pottery purposes. 

CAMBRIAN AND SILURIAN FORMATIONS. 

In these formations, the clay deposits kre either 
the residual clays left from the decomposition gen- 
erally of the great limestone formations of the Cam- 
brian and Silurian, or concentrations of these resi- 
dual clays by redeposition in sink holes, ponds, and 
depressions; or the accumulation through sediment- 
ary action ,in the depressions of these later forma- 
tions, of (the chemical or vein clays of the Archaean. 

The two great limestones, above melntioned, are 
rarely pure but are mixed with chert or other form 
of silii^eous matters, with iron, and with clay. Upon 
their decay under the action of the atmospheric 
agencies, these insoluble matters are left in the form 
generally of reddish loam or clay capped with cherty 
fragments, and impregnated' with iron. 

Such residual clays are extensively used in all our 
valley regions for the manufacture of ordinary build- 
ing brick, for which they are very well adaptted, the 
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brick beinff very durable, but not very sightly, since 
they are likely to be spotted where the clay contains 
more iron than the average. Occasionally, however, 
we find as result of subsequent rearrangement by 
leaching, concretionary adtion, or the like, these resi- 
dual matters differentiated from each other in a most 
remarkable way, so that beds of nearly pure white 
clay lie alongside of beds of brown iron orei, itsielf 
remarkably free from either clay or chert. The most 
notable of such instances is at Eock Run wbere the 
bed of white kaolin, analysis of which is given in the 
body of this report. No. A. S., forms one of the walls 
of a bank of limonite which has for years furnished 
ore to the furance. In close juxtaposition to the ore 
and kaolin, here mentioned, is one of the beds of 
bauxite for which this region is well known. Kaolin 
beds of this residual nature are known in many other 
parts of the State, resting upon the Cambrian and 
Silurian limestones. Near Jacksonville, in Calhoun 
county, at Tampa in the same county, and in numer- 
ous other localities of similar nature, are limited 
beds of kaolin, none of which, however, have as yet 
been developed or worked. 

The following clays described below may be assign- 
ed to these formations; the china clays. No. 190, from 
near Gadsen and No. 205 from Kymulga; the fire 
clays. No. 191 from Peaceburg in Calhoun county and 
No. 127 from Oxanna in the same county; the stone- 
warie clays, No. 204 from Blount county and No. 192 
from near Rock Run. 

In most of 'the large limonite banks of the valley 
regions, these deposits of pure clay occur, usually 
known as clay horses, some of them are undoubtedly 
of sufficient extent to be of commercial value. Many 
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references to these may be found in the Report on the 
Valley Regions. 

While none of these clay deposits have as yet found 
a market, it may be well for the sake of completeness 
to give a few details concerning such as have been 
recorded. The references to the pages of the report 
on the Valley Regions, Part II, are also added. 

In connection with beds of limoni/te in S. 31, T. 24, 
R. 11 E., in Bihh county^ mention is made of the fact 
that the ore lies imbedd;ed in clay of red or yellowish 
red color, with streaks of a white clay (p. 495. ) 

In Talladega county, in the flatwoods, lying along 
Ithe line of the Columbus & Western Railroad, in the 
southeast corner of S. 2, T. 21, R. 3 E., a white plastic 
clay which is said to have been penetrated to a depth 
of 35 feet, is reported to have been struck in a well, 
(p. 606.) In the same county in S. 19, T. 19, R.5 E., 
in the Charlton limonite bank there is a large "horse" 
of white clay, extensive deposits of white clay are 
noticed in connection with other limonite banks in the 
immediate vicinity, (p. 616.) 

In Calhoun county, in T. 15, R. 8 E., and in Sec- 
tions 21 and 23, there are many diggings in beds of 
limonite, and in most of them are "horses" of white 
clay, (p. 702). Again in T. 14, R. 8 E., in the same 
cou^ty, near Tampa, on land belonging to A. H. 
Tullis, Section 6, in the red residual clays derived 
from the disintegration of the limestones of the 
county, along with barite and limonite in pockets, are 
found some deposits of kaolin of white color and 
considerable thickness, up to 10 feet. In 
Section 5 of same township and range, the kaolin is 
exposedd in a cut of the East and West Alabama 
Railroad where it is 10 feet thick, (p. 715.) 
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In Cherokee county^ to (the northward of the line 
of the Southern Railroad in Sections 1 and 2 of T. 12, 
R. 11, E., thiere are many banks of limonite which 
have been extensively worked, and in ^ome of 
them beds or "horses" of white clay have 
been^exposed. One of these in the Clay limonite 
bank, in Section 2, Ithe clay deposit is of great extent 
and several car loads have been taken from it and 
shipped to Chattanooga for manufacturing into fire 
brick. A similar white clay occurs in the Hickory 
Tree bank in Section 1, (p. 759.) The occurrence of 
the clay in the Dyke limonite bank, near Rock Run, 
is described on page 777. This is Itihe kaolin whose 
analysis is given below under the number A. S. In 
the Washer bauxite band in S. 35, T. 12, R. 11 E., 
near Rock Run, and in the Warwhoop and other 
bauxite banks of the same vicinity, white clay 
and halloysite are of common occurrence. Some 
of these clays should be utilized. 

Some details concerning Ithem are to be found in 
the Valley Regions report, pages 780 to 7891 

In the limonite banks to the eastward of Tecumseh 
furance in the same county, in T. 12, R. 12, E., clay 
^^horses'^ are everywhere found separating the pock- 
ets of litnonite, pages 792 and 793. 

Accumulaibions of good plastic clay, which have 
evidently been deposited in the depressions of the 
limestone or in ponds, are not uncommon in the area 
of the great limestone formations. One such near 
Oxford in Calhoun county, is utilized by the Dixie 
Tile and Pottery Company. Analysis and physical , 
tests of this clay are given in the body of this r port 

Of less purity on account of mixtures of sand, etc., 
similar deposits are numerous, and utilized in 
places, as, for example, the brick clay at DeArman- 
ville in the Choccolocco valley. 
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SUB-CARBONIFEROUS FORMATION. 

In the Sub-carboniferous formation of Wills^ Val- 
ley is found the best known deposit of pure white 
clay of this section. 

This clay occurs chiefly in the lower strata of the 
formation;^ generally very close above the Devonian 
Black Shale. The deposits which have, up to the pre- 
sent time, been pretty well proven, are to be found in 
the upper or northeastern end of Wills' Valley, near 
the Georgia line, and on both sides of the valley. The 
most important of them, however, occur on the east- 
ern side of the valley. They have been described 
somewha* in detail by McCalley in Part II of his Val- 
ley Regions report, pages 175 to 182, from which the 
following details are compiled : 

The Red Mountain ridges, made up of the strata 
of the Clinton, Devonian (Black Shale), and Sub- 
carboniferous formatjions, occur here as elsewhere 
in the State, on both sides of the valley. The ridge 
on the western side is, in general, lower and less con- 
tinuous than thalt on the eastern side. The- clay 
occurs in the lower strata of the Sub-carboniferous, 
not far above the Black Shale, and it has been "pro- 
spected" and found to be present in the ridges on 
both sides of the valley for some ten or twelve miles 
from the State line southward. 

In the northwest corner of S. 3, T. 6, R. 9 E., on the 
west side of the valley, a test pit exposes the following 
section : 

aeeiion<m west side of WiUa" VaUey, DeKalb Co, 

Chert ledge weathered into a sandy rock of yellow color 8 to 12 inches. 

Strata hidden by debris 2*o S^eet. 

White clay, without grit, in places like halloysite 8 feet . 

Bluish colored clay •• 8 feet, 

strata not exDOsed . «... • 25 tO 80 feet. 

Devonian Black Shale 
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The white clay occurrs in many places in this 
vicinity, and is called chalk by the people. 

On the eastern side of the valley, the Red Mountain 
ridge, as stated above, is more prominent and con- 
tinuous than on the west. Near the State line, about 
Eureka stsution and thence southwestward for a 
couple of miles, the clays have been tested and in 
many places worked. They have a thickness aggre- 
gating about 40 feet, but are said to thicken up oc- 
casionally to 180 to 200 feet, of which as much as 60 
feet is a fine white clay suitable for the manufactory 
of stone ware. Some of the clay is shipped from here 
to the potteries at Trenton N. J., and some of it goes 
to Chattanooga, Tenn. The Franklin {Ohio) Com- 
pany Mines are situated in the northern corner of 
S. 34, T. 4, E. 10 E. The clay is won by surface dig- 
gings, slopes, and tunnels, according to locality. 

The following section is obtained along itjhe wagon 
road through the surface diggings and will give a 
fairly correct idea of the occurrence. 

SecHon at FrankHn Company s Mines^ DeKalb Co. 

Altemationa of chert layers, 4 to 18 inches thick, with fine 

sharp siliceous powder of white and yellow color 12 feet. 

Chert of light yellow color, interlaminated with thin streaks of 

clay 12 feet. 

Clay, mostly of yellow color, but with seams of white clay 10 feet. 

Alternations of chert in layers of 2 to 8 inches thickness with 

clay seams 18 inches in thickness 4 feet. 

Alternations of chert in layers 2 to 6 inches thick with white 

clay in irregular seams 6 to 12 inches thick 18 feet. 

Clay, very gritty, of white color and chalky appearance ..10 feet. 

Clay and shale, the clay white and gritty, the shale green 10 feet. 

Devonian Black Sha.e 

In these mines in the upper twenty feet the clay is 
tnore siliceous than in the lower twenty fee*. The 
siliceous clay is better suited for making fire brick, 
while the plastic clay is a potter's clay, command- 
ing a good price. The chert which is intersitlratified 
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with the clay is also of. value in the manufacture of 
stoneware. 

In the N. E. i of the S. E. i of S. 4, T. 5, R. 10 E. 
are the Montague Clay Mines, worked by a tunnel on 
the southeastern side of the ridge. The clay is about 
thirty feet in thickness, sqme of it having a brown cpl- 
oraJtion, due to organic matter. • It is quite uniform 
ill composition for a distance for at least a mile in a 
northeast and southwest direction, is quite free from 
stains of iron but perhaps less plastic than the clay 
from some of the other localities near by. Most of 
the clay here mined goes to Chattanooga for the man- 
ufacture of fire brick. Two analyses of the clay 
from these mine® are given by Dr. Eies under the 
numbers 116 and 117* and they are classed by him as 
fire clays. 

Further southwest, along the ridge, we find other 
occurrences of the clay as in the S. W. * of the N. W. J 
of S. 12, T. 6, E. 9 E., where there is an old open- 
ing on a clay bed, which shows some four feet of clay. 
Still further southwestward in the N. W. J of the 
S. E. i of S. 15, T. 6. R. 9 E., there are numerous sur- 
face diggings, and tunnels in a clay bed thirty feet or 
more in thickness. Some of the clay of this deposit 
is of most beautiful quality, and especially well 
suited to the manufaoture of the finest stone ware. A 
set of china ware, 700 pieces, made from this clay 
took a premium at the New Orleans Cotton Exposi- 
tion. 

In places the clay has streaks and stains, due to 
iron, and in other places it has a dark gray color, due 
to the presence of organic matter, which does not pre- 
vent its burning to a white color. Much of the clay 
is adapted to the manufacture of fire brick as shown 
by the analyses of a sample collected by Dr. Eies, 
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number 119. Analysis, number 214, shows the quality 
of the purer and whiter variety. 

The clay deposits extend to within two or three feet 
of the Devonian Black Shale, thus fixing the occur- 
rence at the base of the Subcarboniferous formation. 

«Beds of potter^s clay of this formation have also 
been noted at other localities, among them one in the 
railroad cut just nonth of Stevens' switch on the A. 
G. S. R. R., and another in Calhoun county in S. 19, 
T. 15, R. 6 E.* 

Hard white clay, like halloysite in appearance, has 
also been noticed at points in ithe Tennesseee valley, 
near Stevenson, and it is quite probable that search 
in that valley would be rewarded by the finding of 
deposits of the clay of commercial importanca 

COAL MEASURES. 

In some parts of the coal fields, the under clays of 
the seams of coal have been utilized in the manufac- 
tory of pottery, as at Jugtown, near Sterritt, in St. 
Clair county; rt Port Payne and Rodentown, in De- 
Kalb; at Vance's Station, in Tuscaloosa county; at 
Summit^ in Blount county, and at Arab, in Marshall 
county. In all these places the clay is manufactured 
into jugs, flowcT- pots and similar articles, while at 
Fort Payne it is also used in the manufacture of fire 
brick. 

The shales of this formation are also utilized in 
some parts of the State, notably at Coaldale, where 
they are made into vitrified brick for paving purposes. 
At the Graves Coal Mine, near Birmingham, occur 
two bodies of shale, which have been analyzed and 



^Valley Regtons, Part II.. pases 4a and 741. 
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otherwise tested for this report, and. the results of 
these tests are to be found below, numbers 170 and 
171. 

Dr. Eies has tested also the Carboniferous shales 
from near Pearce's Mill, in Marion county, and finds 
them admirably suited for the manufacture of pressed 
brick and with a mixture of a more plastic clay suit- 
able for the manufacture of terra-cotta (No. 3.) 
Up to the present time none of the clays from the 
Coal Measures have been found suitable for use in 
the manufacture of high grades of fire brick, but this 
may be due to the circumstance that very few of these 
clays have beeen examined. Of shales suitable for 
making vitrified brick, there is the greatest abund- 
ance. 



CEETACEOUS FORMATION. 

In many respects the most important formation of 
Alabama in respect of its clays, is the lowermost 
division of the Cretaceous, which we have called the 
Tuscaloosa. The strata composing this formation 
are prevalently yellowish and grayish sands, but 
subordinated to .these are pink and light purple 
sands, thinly laminated, dark gray clays holding 
many well preserved leaf impressions, and great 
lenses of massive clays varying in quality from al- 
most pure white burning clays to dark purple and 
mottled clays high in iron. 

This formation occupies a belt of country extending 
from the northwestern corner of the State, around 
the edges of the Paleozoic formations to the Georgia 
state line at Columbus. Its greatest width is at the 
north-western boundary of the State, where it covers 
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an area in Alabama thirty or forty miles wide and 
about the same width in Mississippi. 

From here towards the southeadB the breadth of 
the belt gradually diminishes, till at Wetumpka and 
thence eastward to the State line, it forms the surface 
along a belt of only a few miles width. 

To the eastward of the Alabama river, the propor- 
tion of clay to the rest of the strata is less thap in the 
other direction, and at the same time the clays 
themselves are as a rule more sandy. But from the 
Alabama river northwestward, in the gullies, ravines, 
and railroad cuts, there are many exi)osures of these 
beds, exhibiting sections of clay beds from six to for- 
ty or fifty feet in thickness, and of varying degrees of 
purity. In a general way we may say that the purer 
clays, resmbling kaolin in composition, have as yet 
been found only in the northern part of this area in 
Fayette, Marion, Franklin and Colbert counties, and 
the adjoining parts of Mississippi. 

In my Coastal Plain Eeport, published in 1894,* 
I have brought together many details concerning the 
Tuscaloosa formation in the counties of Lee, Eus- 
sell, Macon, Elmore, Autauga, Chilton, Perry, Bibb, 
Tuscaloosa, Pickens, Lamar, Fayette, Marion, 
Franklin and Colbert, and the reader is referred to 
that book for full discussion of the formation. 

In order, however, to present the clay occurrences 
as completely as possible I shall give extracts from 
the Coas»tal Plain Report in so far as they may be 
descriptive of the deposits of clay. 

To these extracts are added a number of details 
received from a report made by Dr. George Little, 
who in 1891, spent several months making for the 
Geological Survey ysome examinations of the clays 

*Pa«e8 307^49. 531-3, 536, 641, 545, 549 551, 556, 569. 
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of ithis formation. Dr. Little brought together a 
large collection of the chief varieties of these clays 
and from these specimens, many of the analyses 
found in the report below have been made. 

Use is also made of manuscript notes of my own on 
examinations made since 1894 and of descriptions of 
clay occurrences in the report on the Valley Reg^'ons, 
Part I, by McCalley. 

Inasmuch as >the reimarks of Dr. Eugene W. Hil- 
gard on the clays of Mississipppi apply in general 
to the clays of this State which lie immediately ad- 
jacent to them on the east, a short extract from his 
Report on the Geology and Agriculture of Missis- 
sdppi will not be out of placa These notes relate to 
the clays occurring in Townships 4, 5 and 6 in Tish- 
omingo county, Mississippi, and were published in 
Dr. Hilgard's Report on the Geology and Agriculture 
of Mississippi, 1860. 

"A large deposit of white clay of great purity, how- 
ever, occurs in Tishomingo c ounty, chiefly in the 
southern portion of the territory of the Carboni- 
ferous formation, following very nearly its western 
outline. It there forms a regular stratum of con- 
siderable extent, which .in one locality at least, was 
found to be more than 30 feet in thickness. The bed 
attains its best development, so far as the quality 
of the material is concerned, in the northern portion 
of Township 5 and in Township 4, Range 11 east, 
where it is about 30 feet underground in the uplands, 
though at times appearing in limited outcrops on jthe 
banks of the streams. Northeastward and south- 
westward from the regions mentioned, the bed also 
occurs but changed in character, at least near the 
surface, to a white gritty hardpan, or clays of various 
colors and of much less purity. It forms the lowest 
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visible portion of the Orange Sand formation, and 
is almost invariably overlaid by strata of pebbles and 
pudding stone, which in their turn are sometimes 
overlaid by common orange-colored sand. 

The most southerly exi)osure of these beds, known 
to me, occurs on a small branch of McDouglas' Mill 
creek, in Sections 5, 4, and 9, Township 6, Range 10, 
east, near Mr. PannePs place. For more than a mile 
along this branch there are exposures in which 
about 20 feet of a whitish mass, varying from a fine 
•clayey sand to a white plastic clay, appears overlaid 
by thick beds (20 to 40 feet) of ferruginous pebble 
conglomerate; the latter in its turn being overlaid by 
the common ferruginous sandi and brown sandstone 
on the hilltops. Similar outcrops appear in the 
neighborhood of Mr. Aleck Peden's place on Sections 
3 and 27 ,Township 5, Range 10 east, northeast of 
Pannel's Here also a white stratum of which only 
a few feet are exhibited is overlaid by pebble conglo- 
merate, and this by the common Orange Sand. The 
white mass varies from white plastic clay to fine 
grained aluminous sandstone; its upper layers are 
sometimes composed of a singular conglomerated 
mass, consisting of small, white quartz pebbles im- 
bedded *n pure white pipeclay. In both localities, 
copious springs of pure water are shed by the im- 
pervious clay strata. At Mr. Peden's, ithere is a fine 
bold chalybeate spring which seems, however, to 
derive its mineral ingredients (sulphates of iron and 
magnesia and common salt) from the adjacent 
Carboniferous strata rather than from those of the 
Orange Sand. In either of the localities mentioned, 
materials suited for fine pottery, or queenware, 
might be obtained. 

Thence northwest, the stratum is not often found 
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outcropping, but, as had been stated, 20 to 30 feet 
below the surface of the uplands; the country being 
but slightly undulating. At Dr. Clingscale's^ Sec - 
tion 8, Township 5, Range 11. east, the clay stratum 
was struck at the depth of about 30 feet beneath sand 
and pebbles; it was diug into, without being passed 
throughy for nearly 30 feet more, no water being 
obtained from below, but dripping in above from the 
base of the pervious strata. The whiteness and 
plasticity of the material seems to increase with the 
depth. The portion of what was dug out of 
the well in question, had already been removed 
at the time of my visit, having been used 
for various economical purposes as, chalk, 
whitewash, and "Lily White". The specimens 
examined were, therefore, rather below the average 
quality, and on long exposure to .the air, their surface 
shows some yellowish spots. I found nevertheless, 
that in baking at a high heat they yielded a biscuit of 
greater whiteness than their natural color when 
fresh; and that fine splinters, exposed for ten minu- 
tes to the highest heat of the mouth blowpipe, retain- 
ed their shape perfectly while reduced to a semi-trans- 
parent frit. A quantitative analysis of the clay from 
Olingscale's well gave the following results: 

White Pipe Clay from Clingacale's. 

Insoluble matter *>.m 

I ime 0.140 

Magnesia -. trace 

Peroxide of iron 0.126 

Alumina 2 214 

Water 6930 

99.864 

This analysis (which was made solely for the pur- 
pose of ascertaining the ingredients foreign to the 
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clay proper) proves the singular fact that this clay, 
though occurring in a formation characterized by 
the large amount of iron it commonly bears, contains 
a remarkably small amount of that substance, which, 
together with minute porportions of lime and mag- 
nesia, explains its infusibility. 

The two most important practical purposes which 
the materials occurring in the deposits just describ- 
ed will serve, are the manufacture of fine queenware 
and that of fire proof brick. . ( Not porcelain. Kaolin 
or porcelain earth contains, besides the white clay, a 
certain amount of undecomposed feldspar, which 
imparts to it its property of being semi-fused at the 
temperature of the porcelain kiln. The same prop- 
erty might be imparted to the white clay in ques- 
tion, by the artificial admixture of ground feldspar, 
but it could not thus compete with the naturel kao- 
lin of Alabama). 

As for the queenware, the plasticity of the mate- 
rial leaves nothing to be desired ; and since the amount 
of siliceous matter varies greatly in different lay- 
ers, there could be no difficulty about givng to the 
mass the precise degree of meagerness which may 
be found most advantageous, by mixing the several 
successive layers. The same may be said with reference 
to the manufacture of fire brick (to whic*h these ma- 
terials are admirably adapted), which would proba- 
bly, at the present time, be the most feasible and most 
profitable manner in which the beds could be made 
available. The manufacture of fire brick differs from 
tliat of ordinary brick in this, that it requires more 
care, both in working the clay and in moulding the 
brick. Beyond their fireproof quality, it is demanded 
of fire brick that their shape he perfect, their mass 
uniform and without flaws m the interior; also that 
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they shall be liable to the least possible shrinkage in 
a high heat. The latter quality is imparted to them 
by a considerable mixture of either sand or ground 
jSre brick to the fireproof clay, which itself ought to 
be thoroughly seasoned before, and then well worked 
up with such additions of the above materials as may 
be required. In judging of the amount of sand or 
ground brick to be added, it is to be observed, as a 
rule, to add as much as may be consistent with the 
proper firmness of the burnt brick and with conve- 
nient moulding. The latter process ought to be i)er- 
f ormed, as in the manufacture of pressed brick, when- 
ever a first-class article is aimed at, for it is only thus 
that external and internal flaws are entirely avoided. 
In some localities materials may be probably found 
which require no further admixture — the strongly sili- 
ceous varieties of tlie clay; but whenever sand or 
burnt clay is added to the mass, care should be had 
that it be free from iron, which would seriously im- 
pair the fireproof qualities of the clay. None but 
white sand should be used. For the rest, they may 
be burnt in kilns like common brick." 

RUSSELL AND MACON COUNTIES. 

Within itihe limits of Girard and Phoenix Citj, op- 
posite Columbus, and in the hills to the west of Gi- 
rard, are many exposures of the Tuscaloosa strata, 
aggregating some 200 feet in thickness. These are 
composed mainly of sands, but there are numerous 
beds of whitt., gray and purple or mottled clays inter- 
stratified with the sands. The small stream which 
flows through Girard exposes a number of these clay 
beds, and others are to be seen in the hills to the west 
of the town. The materials for the manufacture of 
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drain pipe, vitrified brick, pressed brick etc., are here 
in abundance. 

These clays are to be seen at intervals along the 
road leading toward Montgomery, e. g., near Marvyn, 
Crawford and Society Hill, the prevailing variety be- 
ing the mottled red or purple clay. Northwest of So- 
ciety Hill these clays occur as far as Farrell's Mill, in 
Macon county. 

Near Cowles' Station, at the ferry across the Talla- 
poosa river, purple clays, three feet in thickness, show 
in the river bank, and a short distance further down 
the river at the site of Old Fort Decatur, a fine sec- 
tion of the Tuscaloosa beds, including many beds of 
clay from one foot thickness and upwards is ex- 
posed.* 

ELMORE AND AUTAUGA COUNTIES, 

In the vicinity of Old Coosada town, along (the 
banks of the river, about Eobinson Springs and Edge- 
wood, there are many occurrences of the clays of this 
formation, analyses of which have been made by Dr. 
Ries, and the results given below in the body of the re- 
port. About Edgewood ithere are several potteries 
and one ochre mine using the materials of the Tusca- 
loosa formation. McLean, Vaughn and Boggs 
have potteries here, and Pressley has one further 
west. 

At Chalk Bluflf, near Edgewood, there is a very 
characteristic section exposed in an ancient bluflf of 
the river, now at a distance of more than a mile from 
that stream. The section is as follows : 



^Coastal Plain Report, p. 554, 556. 
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Section at Chalk Bluffj Elmore County, 

1. Layette red loam and pebbles 15 feet 

2. Gray and yellow sandy clays, In distinct but 

irregular layers 6 " 

3. White clay, 3 feet graduating downwards into 

yellow ochreous clay, 3 feet < " 

4. Gray plastic clay blue when wet, and exceed- 

ingly tough and sticky; full of vegetable 
remains, flattened and bituminized 10 " 

Two samples of this clay (Nos. 101 and 122) have 
been tested and analyzed by Dr. Ries (see below un- 
der tte head of Pottery Clays and Brick Clays) , where 
a section of this bluflf is given, differing slightly from 
the above. This is not to be wondered at, since ^e 
stratification is very irregular, and no two sections, 
twenty feet apart, are idential. 

Along the line of the Mobile and Ohio Ry., in Auta- 
gua, and on most of the public roads leading from 
Prattville north and northwest, there are exposures of 
Tuscaloosa strata, consisting of sands and clays, the 
former predominating. In the >vestern or northwest- 
ern part of the county, near Vineton, many instruc- 
tive sections of ithe Tuscaloosa beds are to be seen. 
Some of these sections include beds of clay, which are 
of interest in our present work. 

Section, near Col. J. W. Lapaley'a place, Vineton, 

1. Stratified clays of white, pink, and purple 

colors, interlaminated with thin sheets of 
yellow sands ; the lower part of this bed has 
\a larger proportion of sand 10% feet 

2. Gray laminated clay with partings of purple 

sands 5 " 

3. Yellowish white laminated clays, with purple 

and other bright colors on the dividing 
planes, 5 feet showing, but the same beds 
appear to continue down the hill for at least 
ten feet further 15 " 
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Section No. t, near the preoeding. 

1. Yellowish sands, beantifnlly cross-bedded.... 4 feet 

2. White and pink clays, interbedded with yellow 

sands 10 " 



Section No. S, same locality. 

1. Purple clays interbedded with reddish sands. . 6 feet 

2. Mottled (red and yellow) sandy clays, partly 

obscured by oyerhying pebbles and sands 12 " 

3. Bed sands with small lenticular bits of yellow 

clay 6 " 

4. White and yellow laminated clays 6 to 8 " 

At the bridge over Mulberry, near Vineton, the fol- 
lowing strata are shown in the banks of the creek : 

Section on Mulberry Creek, near Vineton. 

1. Mottled purple clays, similar to those at 

Steele's BlufC on Warrior River 6 feet 

2. Yellow cross sandy beds 2 " 

3. Mottled clays sandy below 6 " 

4. Grayish white m caceous sands, with irregular 

patches of red and yellow colors ; to water's 

edge 4 " 



BIBB COUNTY. 

From Vineton up to Randolph very little of the 
strata of the Tuscaloosa formation can be seen until 
within three miles of the latter place, where dark pur- 
plish gray clays are to be encountered^ Between Ran- 
dolph and Centerville, along the public road, and at 
many points along the railroad f-om Mapleville to 
Centerville, there are occurrences of the massive clays 
of this formation. These clays have given much 
trouble and caused much expense to the railroad, 
from the fact that when softened by the winter rains 
they squeeze out into the railroad cuts, filling them up 
and overflowing the track. Where the clays from the 
cuts are used to make embankments, they are equally 
troublesome, as they are continually giving way. We 
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have no accurate notes of the sections exposed in the 
railroad cuts but the public road from Randolph to 
Centerville has been somewhat closely examined. 
At Soap Hill there is a typical section as follows : 

Soap Hill, 7 miles EiMt of Centerville. 

1. Purple and mottled clays at summit of hill ... 5 feet 

2. Clayey sands in several ledges 10 ** 

3. Cross bedded yellowish and whitish sands, 

traversed at intervals by ledges of sandstone 
formed by the induration of the cross-bedded 
sands 30 " 

4. Laminated gray clays with partings of sand . . 10 " 

5. Alternations of laminated gray clays with 

cross-bedded sands in beds of 12 to 18 inches 
thickness 40 " 

6. Yellowish cross-bedded sands with clay part- 

ings 20 " 

7. Laminated gray sandy clays containing a few 

leaf impressions 10 " 

8. Grayish white sands 8 " 

On the same road in the eastern jyart of the town of 
Centerville, on ithe School House Hill, there may be 
seen some fifteen feet <thickness of purple and yellow 
clays. 

The same beds show along the Selma road, south of 
Centerville, at many points. Sections are given in 
the Coastal Plain Report, pages 336 and 338. To the 
southwest of Centerville also, in townships 21 and 22, 
ranges 7 and 8, many of (the ridges are composed of 
purple clays eight or ten feet in thickness, resting on 
four to six feet of gray clays.* 

On the road to Tuscaloosa the clays show about half 
way between Centerville and Scottsville. 

Along the line of the Alabama Great Southern Rail- 
road in this couDty, there are many exposures of the 
Tuscaloosa clays, e .g. at Bibbville, where they have 
been utilized for many years in the manufacture of 
semi-refractory fire bricks for grates, etc. A great 

•Costal Plain Report, page 338. 
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deal of the material is shipped now to ©essemer, 
where it is worked up into fire brick. Further north, 
near Woodstock again are rather extensive diggings 
on the line of the Birmingham Mineral Railroad, 
from which the clay is shipped to Bessemer and used 
as above indicated. 

Dr. Ries has investigated the clays from bath of 
these localities, and his results are given below in the 
body of the report, under No. 112 for the Bibbville's 
specimen, and No. Ill for that from Woodstock. He 
classes them with the fire clays. Another specimen 
from Woodstock, classed by Dr. Rieei as brick clay, 
has been tested, (No. 126, A. Stevens). 

TUSCALOOSA COUNTY, 

The utilization of the clays of this formation was 
begun in Tuscaloosa county by Daniel Cribbs in the 
year 1829. He was the pioneer, though it is said that 
W. D. Preston had a pottery in Autauga county in 
1828. C. K Oliver has had a pottery in this county 
since 1856. Peter Cribbs, in Lamar county, carried 
on the business for twenty-five years. He was the 
brother of Daniel, whose son, Harvey H. Cribbs, has 
for many years been more or less engaged in working 
the clays along Cribbs Creek, two miles south of Tus- 
caloosa, and latter four miles east of town on the Ala- 
bama Great Southern Railroad. The Lloyd family 
have operated several potteries in Marion county, Al- 
abama, and Itawamba county, Mississippi, for many 
years. Jfleming W. Cribbs, a son of Peter, has now a 
pottery at the new town of SuUigent,, on (the K. C. M. 
& B. R. R.* 

Within the limits of the city of Tuscaloosa there 



♦Notes of Dr. George Little. 
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are many exposures of the clays of this formation in 
(the gullies facing the river bottom. In one of these 
gullies the section is as follows : 

S'jction in Tuscaloosa. 

1. Pebbles, sand, and red loam of the Lafayette 

forming the plateau on which the city of 
Tuscaloosa stands 15 feet 

2. Light gray, somewhat massive clays, mottled 

with yellow, but becoming laminated below 8 " 

3. Dark blue, nearly black laminated clays, lam- 

inae half an inch thick, separated by thin 
partings of white sand. The clay contains 
leaf impressions 3 " 

4. Yellowish gray laminated clays, also containing 

impressions of yariable thicknest, ayerage 2 " 

5. Strongly cross-bedded sands, yellowish to 

white, sharp, with a few streaks of clay ir- 
regularly distributed through it 20 " 

At the proper depth below the surface, the clays 
above mentioned are encountered in most parts of the 
plain, though naturally the thickness of the beds and 
their character vary from place to place. 

Eastward from the city the cuts of the A. G. S. rail- 
road exposes these clays at numerous points. Some 
four miles from town they have been utilized by Mr. 
Harvey Oribbs in the manufacture of flower vases, 
jugs and similar wares. Below about twenty feet of 
the surface red loam and pefcbles, we find at this place 
one to twelve feet of white clay, free from streaks; 
then jfhree feet of yellow sand and a bed of blue clay 
of undetermined thickness.* 

D. Eies' analysis and tests of the Oribbs' clays are 
given below under No. 1, S., where it is classed among 
the i)ottery clays. 

At the Box Spring, about five miles east of Tusca- 
loosa, the railroad cutis expose about six or eight feet 
of laminated gray clays marked with purple streaks. 
Beyond Oottondale, nine miles from Tuscaloosa, 

•Notes of Dr. George Little. y 
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about thirty or forty feet thickness of purple clays is 
seen along the hillside. 

Some twelve miles east of Tuscaloosa the grayish 
purple clays appear in many places along the slopes 
of the hills. The following general section of strata 
in this vicinity will give a good idea of the formation : 

Section 10— U miles East of Tuscaloosa. 

1. Purple massive clays 5 feet 

2. Ferruginous sandstone crusts to 8 laches 

3. Variegated clayey sands holding small pieces 

of purple clay 10 feet 

4. Purple clays with partings of sand 10 " 

5. Ferruginous crust 1 " 

6. Laminated gray and yellow sandy clays 6 to 8 *' 

7. Lignite with pyrite nodules 2 to 6 inches 

8. Dark gray somewhat massWe clays 6 to 8 " 

9. Strata obscured by debris from above 20 " 

10. Purple clay at base of hill, thickness undermined. 

Along the A. G. S. K. K. beyond Cottondale, HJie 
cuts show many varieties of materials of this forma- 
tion, among them beds of purple clays> sometimes 
massive, sometimes laminated. Just beyond Cotton- 
dale the clays gave much trouble many years ago at 
what was known as the "Sliding Out." 

A mile or two beyond Vance's Station, a bed of these 
clays is now being worked for material to use in the 
manufacture of fire brick at Bessemer. 

Southward from Tuscaloosa the clays are seen in 
most of the hills bordering Big Sandy Creek, and 
judging from the width of the outcrop along the hill- 
sides there can not be less than fifty feet thickness of 
them. 

The same clays show along the A. G. S. railroad at 
Hull's Station, and all that vicinity, and Dr. Kies pre- 
sents an analysis, together with the physical tests, 
of a sample of this clay. No. B., which he classes as a 
refractory or fire clay. 

A characteristic section of these clays exposed 
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along the hillsides, just sou€h of Big Sandy, where 
the Greensboro road passes, is given below : 

Section on Big Sandy Creek, Tuscaloosa County. 

1. Purple or mottled clays, like those occur 

ring at Steele's Bluff, on Warrior 

river 30 feet 

2. Light yellow sands with pebbles, also sim- 

ilar to those seen at Steele's and 

White's Bluffs 10 to 15 feet 

3. Gray, laminated clay, enclosing a ligni* 

tized tree trunk at base of hill 4 to 5 feet 

Further south the ntaterials of the Tuscaloosa for- 
mation seem to be more sandy, and the proportion of 
clays is small. 

Along the banks of the Warrior river below Tusca- 
loosa, the clays show up in many places, especially in 
the vicinity of Saunders' Ferry. 

At the Snow place, above the ferry, there are some 
great gullies, in which these sands and clays of the 
formation are exposed. In some of the clay beds 
many leaf impressions have been obtained, which 
have assisted in the determination of the geological 
horizon of the Tuscaloosa formation. 

A short distance above the ferry, and adjoining the 
Snow place, there is a bluflf about 140 feet high which 
shows the clays and other beds of this formation 
very clearly. The section is as follows : 

Section above Saunders* Ferry, Warrior River. 

1. Massive clays of greenish and purple colors, 
breaking with conchoidal fracture 
On drying these clays become hard and 
rock-like. When wet by the winter 
rains, they soften and slide down the 
slopes, covering them completely 
in places. Thickness 40 feet 

2. Laminated sandy clays, gray, with sand 

partings 6 feet 

3. Gray cross-bedded sands, with partings of 

clay along many of the planes of 

false bedding 25 feet 

4. Gray cross-bedded sands and blue mica* 

ceous sands 23 feet 
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At Willifordi's landing the purple clays show about 
ten feet in thickness below the second bottom, or river 
deposits. 

At Steele's Bluff, and a few miles below, at 
White's Bluflf, similar purple or mottled clays make 
about ten feet thickness of the river bluff. 

Westward and northwestward of Tuscaloosa the 
clays appear along all the Toads for many miles to 
the western boundary of the county, and beyond into 
Pickens. The clays when freshly exposed are of gray 
color, but undergo a series of changes in consequence 
of weathering, and the oxidation of the iron which 
they contain. First, the gray becomes specked with 
red, and this color gradually increases in proportion 
until it prevails, and the whole body of clay becomes 
a dark red or purple mass, with few, if any, of the 
fragments of the original gray color. 

At John Mills', about thirteen miles from Tusca- 
loosa, on the Shirley Bridge road, 'the following sec- 
tion is made by Dr. Little : 

Section in Tuscaloosa County. 

1. Red loam and sand (Lafayette) 10 feet 

2. Ferruginous sandstone crust 6 feet 

3. Blue clay ( Sample No. 1) 6 feet 

4. Yellow sand, with indurated crust above and 

below "^ '®®* 

5. Blue Clay (No. 2) 6 feet 

4. Yellow sand, with indurated crust above and 

On the Fayette Court House road the same clays 
show at many points, but the most promising clays 
along this road have been observed beyond the Tusca- 
loosa county line in Fayette. 

The Mobile and Ohio road to the northwest of the 
city of Tuscaloosa exposes in many of its cuts beds of 
clay, which have been a source of much trouble and 
expense house of the filling of these cuts by the 
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softened clay during the winter seasons. Several cuts 
in the vicinity of Ten Mile Cut have traversed these 
beds of clay. One specimen from the Ten Mile Cut 
has been examined by Dr. Ries, and classed among 
the brick clays (No. A), though, as Dr. Ries remarks, 
there is no reason why it should not find other uses as 
well. 

In ithe near vicinity of this cut, on land formerly 
occupied by Mr. J. C. Bean, occur three beds of clay 
measuring each about five feet thickness. These have 
been investigated by Dr. Ries under the Noa 118, 115 
and 100. The first of these, classed as fire clay, has 
many points of interest, growing out of its dense 
burning at low temperature, and the great diflference 
in temperature between the i)oints of incipient fusion 
and vitrification, suggesting its suitability fo^* use 
as a glass-pot clay. The other two clays are classed 
as pottery clays, and are perhaps representative of 
one of the most widely distributed types of the clays 
of ttis formation. 

PICKENS COUNTY, 

Near the line of the M. & O. road, in «tliis county, 
the clays are observed from the Tuscaloosa county 
line to within nine miles of Columbus. In mode of 
occurrence and in the character of the clay these beds 
resemble those of Tuscaloosa, above mentioned. From 
Roberts' Mill on Coal Fire Creek, Dr. Little ha^ col- 
lected a sample of white clay which lias been analyzed 
by Dr. Ries, No. 32 S. It is classed by him among the 
stone-ware clays, burning to buff color, and is in 
many respects similar to the Cribb's clay of Tusca- 
loosa. West of Coal Fire Creek, and at a distance of 
18 to 20 miles from Columbus, the massive reddish 
clays show in the hills to a thickness of 40 to 50 feet.* 

•Notes of Dr. George Little. 
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LAMAR COUNTY. 

The strata of the Tuscaloosa formation cover the 
entire area of Lamar below 4!he mantle of red loam 
and pebbles of the Lafayette. Among the strata are 
numerous beds of clay of varying degrees of Durity. 
Dr. Little's notes, which follow below, give many 
details concerning them. 

Along the line of the Southern (Georgia Pacific) 
Railroad, there are many exposures of the clays, a^^ 
at Millport, where the clay shows at a thickness of 
four feet ; beyond this at about 23 miles from Fayette 
Court .House, the clay seems to be 10 feet thick, and 
near this at Fernbank, J. D. Green has a pottery. 
His clay is 18 feet <thick, analysis of this clay is to be 
found in Dr. Ries' report, No. 27 S. 

Along the road from Fayette Court House to 
Vernon, at 9 miles from the former place we have this 
section. 

Section nine miles west of Fayette C. H., in Lamar Co, 

Blue clay < feet 

Mottled clay 20 feet 

Sandy clay 4 feet 

Three miles further west on the same road, this clay 
is some 20 feet in thickness. Within two miles of 
Vernon, in A. W. NichoPs well, blue clay 8 feet thick 
is penetrated below six feet of overlying sands. 

One mile east of Vernon, at a saw mill, there is clay,, 
white and 3 feet in thickness. 

On the old military road of Gen. Jackson at a dist- 
ance of 20 miles from Columbus, Miss., and about T 
or 8 miles northwest of Vernon, near Bedford P. O., 
are the remains of a pottery once owned by Peter 
Cribbs. At this place lives Captain Cribbs, a negro 
man with his son. Major. Captain worked for 
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many years in the potlteries, which his master, Peter 
Cribbs and his master's widow, managed from 1865 
to 1886. The pottery, 3 miles further nortli on the 
Military road near M. P. Young's, was the place 
where most of the jugs, jars, etc.^ were made. The 
best of the clay for these po>tteries was obtained from 
what is now Keuben Powell's land, 2 miles west of 
the Military road in the northweeit quarter 
of the norhwest quarter of S. 28, T. 14, R. 16. The 
pits were dug 14 feet down to the clay, which 
was 3 feet thick. Mr. Powell has bored with an 8 inch 
augur near this place, and found clay 1^ feet from fhe 
surface, 5 feet thick, dark brown and very tough and 
plastic. Analysis of this clay is given by Dr. Ries 
under No. 11 S. 

Lewis J. Jones, who now lives on the Powell place 
in the southwest quarter of southwest quarter of 
Section 23, has bored a well in his yard of which the 
section is as follows : 

Section in Well, Lamar Co. 

Surface sands and loams 12 feet 

Clay 1% feet 

Sand 9 feet 

Clay 2 feet 

White sand 24 feet 

Clay, penetrated to depth of . . 2 feet 

but so tough that the auger could not be raised, 

and the well was stopped. 
» 

Clay is also reported at Thomas' Mills, above Hun- 
nel's Bluff on Buttahatchie creek and on Wilson's 
creek near Friendship Church. 

Westward from the Military road, the clay terri- 
tory continues to within 10 miles of Aberdeen, where 
level land and white sandy soil set in. 

Gattman is on the Mississippi State line, and just 
west of it across Buttahatchie is Greenwood Spring8,4 
miles from Quincy in Monroe county, Mississippi. 
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One and a half miles south of these Springs, there 
is a railroad cut 85 feet in depth, the largest cut on 
the road, (K. C. M. & B.) 110 miles from Birming- 
ham. In this cut we find the following section : 

Sections along K. C. M. d B, R. B., Lamar Co, 

Yellow loam 5 feet 

Yellow sand 15 feet 

Yellow sand with streaks of clay 5 feet 

Blue micaceous clay, sample No. 11, A 5 feet 

Half a mile further west another section : 

Yellow clay 5 feet 

Ferruginous sandstone, used for ballast 10 feet 

Yellow sand 20 feet 

Clay with sandy layers 8 feet 

Compact b*ue micaceous clay, sandy 12 feet 

At mile post 111, the section is : 

Red clay 10 feet 

Banded red and wliito r ay 10 feet 

Pore, sand 10 feet 

Half a mile west of the 111 mile i)ost, the section is : 

Red loam of the Laiayette formation > 5 feet 

Bright yellow sand 30 feet 

Clay 2 feet 

j^lght yellow sandy clay 20 feet 

Red and white clay 5 feet 

Near the State line, on the Kansas City, Memphis 
and Birmingham Railroad, 3 miles from SuUigent on 
the west side of Buttahatchie.a pottery has been oper- 
ated. At Sulligent, Fleming W. Cribbs has lately 
started a pottery. He is a son of Peter Cribbs and 
nephew of Daniel Cribbs. His clay bed is one-half 
mile east of Sulligent and is 4 feet thick, and white. 
Be says that h^s father carried on the business from 
1838 to 1853 when he died, and his widow continued 
the work to 1863, his account agreeing with that of 
the negro. Captain, nearly as to time of operation. 
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but placing it in entirely different decades. He has 
orders now for 5000 gallons (jugs) from Biijningham 
and Bessemer, at eight cetnts a gallon. He has two 
hogback kilns with a capacity of 800 jugs each. His 
clay is found in a washed out old road and is overlaid 
by 10 feet gravel. 

Kye has a pottery, 6 miles north of Millville, Detroit 
P. O. Davidson Brothers have one also in same neigh- 
borhood. Lloyd has one near the Mississippi line in 
Itawamba county. These compete with potteries at 
Holly Springs, Mississippi, and Pinson's 12 miles 
from Jackson Tenn., for the West Tenn. and Miss, 
trade. From State line at Gattman »t)o Glenn Allen, 
clayp. are very abundant and of fine quality all along 
the Kansas Citv Railroad, and this is destined to be 
an important center of trade in all kinds of clay 
manufacture. Beaver Creek flows nearly west, par- 
allel with the railroad. Beaverton is a station on Sec- 
tion 17, Township 13, Range 14 west. One mile west 
of William Brown's place. Section 10, and on Ed- 
mund Barnes', Section 16 and on Ira Sizemore's, Sec- 
tion 17, clay abounds. Brown has ten feet blue 
clay overlaid by 10 feet cross banded yellow sand. 5 
miles east of Beaverton and 2 miles west of Guin, 
there is 10 feet white and yellow sand and underlaid 
by 3 inches of ferruginous conglomerate. 

FAYETTE COUNTY, 

Over the greater part of the area of Fayette county, 
the strata of the Coal Measures are covered, to a 
depth increasing as we go westward, by beds of the 
Tuscaloosa formation capped with the red loam and 
pebbles of the Lafayette. Among the strata of the 
Tuscaloosa there are many beds of clay of purple, 
gray and white colors. About the Court House, a bed 
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of white clay is reached at many points below a vary- 
ing thickness of overlying strata. Thus at Mr. Sam 
Appling's a bed of fine white clay, 6 feet in thickness, 
is cut in a well, and apparently the same bed is known 
ito underly the region about the depot. Mr. Appling'j? 
is in Section 24, Township 15, Range 13 west. 

From Dr. Little's notes, I am able to give a number 
' of details of the occurrences of these clays. Seven 
miles from Fayette Court House, on the road to Mc- 
Collum's Bridge, is a bed of three feet thickness of 
very pure clay .hard and firm, which breaks up on ex- 
posure into nodules, and the same bed shows on an- 
other road to the west of this about one mile, south of 
Wallace's Mill on Gilpin's creek, on W. D. Bagwell's 
land. 

Dr. Eies' analysis of this clay is to be found in the 
report under number 67, S. 

On the road to Pikeville, seven miles from Fayette 
Court House, we have the following section : 

Section seven miles north of Court House, Fayette Co. 

Red loam of Lafayette 2 feet 

Gravel 10 feet 

Clay 3 feet 

Gravel 3 feet 

Between the depot and the Court House Dr. Little 
has observed three feet of good white plastic clay in a 
ravine on the roadside, and the same bed is exposed 
in the ravines at many points on the eastern edge of 
the old town. Five mUes west of the Court House on 
the Vernon road, some 'tan-yard vats were dug years 
ago, three feet into a blue clay. About half a mile 
fr^om ihe depot, Mr. Joe Lindsay reports fine white 
clay, twelve feet below the surface, which, he says, 
was twenty feet thick. 

To the westward and southwestward of the town 
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along the line of the railroad, the clay shows in a cut 
one mile from the depot. On the Columbus road, four 
miles from Fayette, a six foot bed of clay is recorded, 
and five miles further west, at Hezekiah Wiggins' a 
bed of blue clay, four feet thick. Dr. Kies has tested 
and analyzed this clay under No. 32, S. 

Half a mile further west, at Henry Wiggin's, there 
is a bored well, eighty feet deep, which, below the 
depth of fifteen feet, seems to be mostly in clay. One 
fourth of a mile beyond this, near Waldrop's, a bed of 
blue clay, 10 fet thick, shows at the bottom of a hill, 
and fifteen feet higher up another bed appears. 

Along the road to Tuscaloosa at seven miles from 
Fayette, and also a mile further on, clay, three feet in 
thickness, is exposed. Again in section 13, township 
17, range 12, about a quarter of a mile from Shirley's 
Mill, several beds of clay are shown along a hill side. 
One of «these beds, a brown clay, about three feet in 
thickness, is full of finely preserved leaf impressions, 
and below it a fine sandy clay of three feet thickness. 
This is near the 11 mile post from Fayette. 

Dr. Kies has analyzed two samples of the clay from 
this place under the numbers 68, S., and 110, and the 
reader is referred to these analyses and the remarks 
of Dr. Ries below. 

Two miles southwest of Shirley's Mill on Davis^ 
Creek. J. W. Black reports four feet of blue clay in 
section 25, township 17, range 12 west. 

Near Doty's place, one mile east of Concord Church 
and about thirteen miles from Fayette, there is the 
following section exposed in a gully : 

Section near Doty ^8, Fayette Co. 

Red loam and sands of the Lafayette 4 feet 

Ferruginous sandstone crust 2 Inches 

White clay (No. 7, Dr. Rles) 6 feet 

Yellow sand 5 feet 

Variegated clay (No. 71, Dr. Rles) 2 feet 

White sand 2 feet 

Mottled clay, red and white 3 feet 
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Dr. Ries' analyses of the two clays here exposed 
may be seen below under numbers 70 and 71. 

MARION COUNTY, 

While the strata of the Coal Measures underlie the 
entire area of Marion county, yet these rocks do not 
form the surface over any great proportion of this 
area, since they are very generally hidden, except 
along the valleys of the streams, by overlying mea- 
sures of the Tuscaloosa and Lafayette formations. 
Among the strata of the Tuscaloosa, here as in Fay- 
ette, we find many fine beds of clay. Here again. Dr. 
Little has collected many details of the occurrence of 
these clays and what follows we take mainly from his 
notes, though use is made also of what has been pub- 
lished in my Coastal Plain Eeport, pages 331, 332 and 
333. 

In the lower part of the county along the line of 
the K. C. M. & B Railroad, clays are exposed in rail- 
road cuts all the way from Eldridge to Guin. 

From New River crossing near Texas P. O., on to 
Glen Allen, several beds of clay, of no great thickness, 
are to be seen. A mile east of Glen Allen, in what is 
known as Stewart's Cut, we have the following sec- 
tion: 

Stewart's Cut, one mile east of Glen Allen. 

Gray laminated clay with fine leaf impressions ... 25 feet 
Ferruginous sandstone crust of irregular thickness 1 foot 
Cross-bedded sands of yellow and pink colors 25 feet 

The uppermost of the beds, above named, contains 
many beautifully preserved leaf impressions which 
are very easily gotten out. The clay has been ex- 
amined by Dr. Ries under No. 18, S. 

At another cut, half a mile nearer Glen Allen, we 
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find twenty feet of white sand with two feet of white 
clay, and below this a blue plastic clay extending be- 
low the railroad track. 

This sand has been shipped to Memphis as mould- 
ing sand for the foundry. At Glen Allen, Dr. Little 
gives this section : 

Section at Olen Allen, Marion Co, 

Brown clay 12 feet 

Yellow sand 12 feet 

White pipe clay 2 feet 

Two miles east of Guin, on the same road, Dr. Little 
observe© five feet of clay below a capping of red sand, 
and one mile west of Guin, (six miles from Beaver- 
ton) he gives the following section : 

Section near Otoin, Marion Co, 

Cross-bedded yellow sands 10 feet 

Clay 4 feet 

Sand 3 feet 

Banded clay 3 feet 

Sand 3 feet 

On the South Fork of Buttahatchie in the vicinity 
of Pearce's Mill, there are several occurrences of clay 
and sliale worth consideration. D-. Ries collected 
specimens from near the mill and gives his analyses 
of two samples under No. 1 and No. 2, both of which 
he classes as refractory or fire-clays. He also gives 
his tests of some shales of the Carboniferous forma- 
tion, which are well adapted to the manufacture of 
vitrified brick (No. 3). Another sample of hard and 
perfectly white clay was collected by Dr. Little from 
near tlie top of a hill one-fourth of a mile east of the 
mill. This Dr. Ries has analyzed under No. 36, S., 
and it is classed by him as a china clay. Dr. Little 
reports "that, in pulverized condition, it is used as a 
face powder by the ladies in the vicinity. 
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It is, however, in Townships 9 and 10 and Kanges 
11, 12 and 13, that we find the most important de- 
posits of clay in this county. The typical locality of 
its occurrence is at Chalk Bluff j which gets its name 
from the white clay. Specimens collected by myself 
were analyzed by Dr. Wm. B. Phillips and results 
published in the Coastal Plain report, page 346. Dr. 
Little's sample was collected on the land of J. J. Mit- 
chell, in northeast quarter of Section 8, Township 10, 
Range 13, from a bed five feet in thickness. The an- 
alysis of this is given below under No. 38, S., and on 
the same page Dr. Phillips' analysis is reprinted. 
This locality gives the name to the postofflce. In the 
same quarter section, Dr. Little has collected a 
sample from Briggs Frederick's land, and the analysis 
of this is given by Dr. Ries under No. 37* S. 

Another sample from the same locality from land 
of Mrs. Susan Nelson, has been examined by Dr. Ries 
(his number 85). The same clay is reported by Dr. 
Little as occurring southwest of Chalk Bluflf at M. E. 
Gassett's, Section 13. Township 13, Range 10, as well 
as at a number of localities within a radius of five or 
six miles around Chalk Bluflf. This clay is hard and 
white, approaching pure kaolin in composition. It is 
in a bed, five to seven feet in thickness, and needs only 
facilities for transportation to become one of the most 
valuable deposits m the State. 

Between PikevJUe and Hamilton, clays are of fre- 
quent occurrence, one of these near the former place 
and some ten miles from Hamilton, collected by Dr. 
Little has been analyzed by Dr. Ries, ( No. 65, S. ) 

Westward from Hamilton to the Mississippi line 
and beyond. Dr. Little reports many occurrences of 
clay of various qualities. From the vicinity of 
Bexar, three samples of clay have been collected by 
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Dr. Little and analyzed by Dr. Ries, (numbers 12, 
40 S. and 41 S.). The bed in this region is about 
four feet in thickness. Nos. 12 and 40 are from H. 
Palmer's and No. 41 from Bexar, a mile further west, 
near Pearce's Store and Mill. 

Near the State line on the road to Tretnont, Miss., 
twenty feet thickness of clay is reported as being cut 
in a well. 

Beyond the State line, the clays continue, and at 
Davidson's Store, Lloyd's pottery, they are put to a 
• rather remarkable use, namely for head stones of 
graves, for which purpose they are moulded into flat 
tablets, provided with suitable inscriptions and then 
baked. These stones appear to be quite durable al- 
though necessarily lia*ble to be broken. 

A number of potteries in this vicinity use this clay 
which is about four feet in thickness, and . quite 
similar to that mentioned above as occurring about 
Gattman in Lamar county, on the K. C. M. & B. Rail- 
road. 

The Bexar variety of clay extends for a good many 
miles northward up Hurricane Fork and along Bull 
Mountain Creek. 

FRANKLIN COUNTY, 

In Franklin county the underlying Paleozoic rocks 
of Carboniferous and Subcarboniferous ages are ex- 
posed along the valleys of the streams, but every- 
where else are covered with a mantle of varying 
thickness of the sands, clays and pebbles of the Tus- 
caloosa and Lafayette formations. 

As in the other counties adjoining towards the 
south, so in this, it is in the Tuscaloosa strata that we 
find the important deposits of clay. In parts of the 
county, especially in the vicinity of Russellvilla, val- 
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uable deposits of limonite or brown iron ore haye 
been for many years and are now being worked to 
supply the furnaces at Sheffield and Florence. 

Associated with these ore beds are cloAf horses, 
as they are called, which, in places, yield an abun- 
dance of fine white clay.* 

Other occurrences of the clays of the Tuscaloosa 
formation, not associated with the iron ores, have 
been recorded by Dr. Little, from wliose notes the fol- 
lowing details have been obtained. 
' On the southern boundary of the county, near Sa- 
voy postoffice, in T. 8, R. 14, near Dr. Kilgore's Mill, 
a bed of blue plastic clay three feet thick is noted, 
above which, one hundred feet up the hill, is a bed of 
four feet thickness of red clay or ochre (red chalk), 
and just above this a bed four feet thick of pure, hard, 
white clay, like that of Chalk Bluflf, in Marion coun- 
ty. The same beds are to be seen at many points 
around Savoy within a radius of three miles. Half 
a mile west of Burleson a bed three feet in thickness 
of white clay is found immediately overlying the blue 
limestone of the Subcarboniferous formation. Along 
the road from Burleson to Belgreen the clay is ex- 
posed at several points. 

Northwest of Bussellville, on the road to Prank- 
fort, large deposits of white clay were reported, but 
not seen by Dr. Little. 

Near the State line, in S. 9, T. 7, R. 15, on Gilley's 
branch, occurs a bed of clay from which material "has 
been obtained for a pottery formerly worked by Mr. 
Chaney, two miles east of Pleasant Eidge, Miss. 

Southward of this locality, in S. 20 and S. 29, of 
T. 8, R. 15, Mr. Thomas EoUins has a bed of clay four 

♦Valley Rerions Report, Part I, pages 211 and 215. 
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feet in thickness, a sample from which has been tested 
by Dr. Bies, No. 62 S. The country for several miles 
in all directions about Rollins' is rough and hilly, the 
hills capped with beds of pebbles and a ferruginous 
sandstone crust, but the beds of clay, interstratifled 
with sands, seem to make up a very considerable pro- 
portion of their bulk. 

COLBERT CO [/AT TV. 

In the northern andl eastern parts of this county 
the strata of the Subcarboniferous formation make 
the surface, but in the southern and western parts 
these older formations are covered by the mantle oi 
sands, pebbles and clays of Tuscaloosa and Lafayette 
formations, the former of which carries the impor- 
tant clay deposits here as elsewhere. The best of 
these clays occur near the wesltern border •of the 
county, as well as in the adjacent parts of Missis- 
sippi. 

The station Pegram, on the Memphis and Charles- 
ton Railroad, seems to be about the central point in 
»this clay region. Some extensive works for the man- 
ufacture or fire brick and other kinds of brick have 
been established here under the name of the "Ala- 
bama Fire Brick Works." The clay is obtained from 
the southwest part of S. 27, the northeastel'n part of 
S. 3, and the northwestern part of S. 34, in T. 3, R. 15 
W. The clay appears in several beds, as shown by 
the section below, which is taken from the notes of 
Dr. Little. 

Beotion near Pegram, Colbert Co, 

Pebbles of large size with sands 30 feet 

White clay, one-eighth of a mile from mill 3 feet 

Small gravel 1 foot 

White clay, sample No. 55, S 6 feet 

Sand with large gravel overlying 16 feet 

Yellow clay, sample No. 56, S 6 feet 

White clay 1 foot 

Purple and black clay, sample No. 67, S 10 feet 

Gray clay, sample No. 58 5 feet 
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On land belonging to Mrs. C. Rhea, in the vicinity, 
Dr. Little gives the section as follows : 

Yellow loam 1 foot 

Sandy clay (Are clay), sample No. 59 5 feet 

Of these clays Dr. Ries has analyzed and tested 
Nos. 55, 56 and 57 ; No. 56 being classed by him among 
the china clays^ while the other two are ranked as fire 
clays. The brick from this locality are used in Shef- 
field for lining the furnaces, and they are also used 
by the railroad. 

In the Valley Regions Report, Part I, are given 
three analyses of clays collected from this region near 
the State line. These are as below : 

Analyses of days from near Pegram. 

1. 2. 3. 

Coq^blned water 8.250 6.827 7.085 

Silica 66.122 7«.911 68.108 

Alumina 24.781 11.173 10.858 

Ferric oxide trace 3.449 14.471 

Total 99.153 99.360 100.522 

(1.) A light colored clay with small lumps ol gritty matter. 
(2.) A dark gray clay with black specks ot organic matter. 
(3.) A pinkish clay with white specks. 

The light colored clay (1) above has been seen al^o 
on the south side of Little Mountain, near the bottom 
of the pebble hills, along the* county line, a few miles 
northeast of Frankfort. It shows here in an irregu- 
larly stratified seam beneath the pebble bed. It is 
quite pure and white, and has occasionally found use 
as a whitewash, for which purpose it seems well 
adapted.* 



♦Valley Regions, Part I, page 180. 
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LAUDERDALE COUNTY. 

The Tuscaloosa formation, whicli carries the clay 
deposit, covers only the western half of Lauderdale, 
the Subcarboniferous rocks forming the surface over 
the eastern half. The clays are white, red and mot- 
tled, and generally quite plastic. Mr. McCalley gives 
some notes concerning them. 

At the Tan- Yard Spring, in *ihe N. E. \ of the 
N. W. i of S. 24, T. 1, B. 14 W., there is the following 
section : 

Bection at Tan Yard Spring, Lauderdale Co. 

Ferruginous crusts 1 foot 

Clay, somewhat stained with iron, unctious and 

plastic when wet 5 feet 

This clay has been analyzed by Dr. PickeF, of the 
University of Alabama, with the following results : 

Analysis of Clay, Tan Yard Spring, Lauderdale Co. 

Silica 69.65 

Aumina 27.04 

Ferric oxide 4.75 

In the gullies, near the top of the divide between 
Brush and Bluff creeks, in the southwest of the 
northeast of S. 30, T. 1, B. 13 W., there are dei)osits 
of white unctuous clay from seven to eight feet thick.* 

Dr. Little's notes supply some additional informa- 
tion about the clays of this county. Mr. Wm. J. 
Beckwith has a clay deposit four and one-half miles 
from Wright's postofflce, on Brush Creek. It is 
ui)on a high hill, and is five or six feet in thickness. 
The clay is of a light yellow color, and is firm, fine 
grained and smooth. It has been shipped north and 



•Valley Regions, Part I, page 105. 
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sold for $12 a barrel, and can be delivered, barreled, 
on the boat on the Tennessee river for $1 a barrel. 

There is a red clay, suitable for painty belonging to 
the Sheffield Paint Company, near the coun^ line, 
six miles from luka. Miss. The bed is ten feet thick. 
The white clay from Clingscale's Mill, Miss., men- 
tioned above in the extract from Dr. Hilgard's report, 
comes from localities near the State line, west of Lau- 
derdale county. 

In many parts of this county there are beds of 
white pulverulent silica, which have occcasionally 
found use. Thus at Florence the Mineral Paint and 
Tripoli Company make a paint by mixing clay and 
this fine silica together. At Waterloo, also, the same 
white silica appears, as at Eastport, in Colbert coun- 
ty. This material has been used in the manufacture 
of glass at Pittsburg, Pa. 

TERTIARY AND POST TERTIARY FORMATIONS. 

The clays from these two formations have not yet 
been specially investigated, the only representative 
herein contained being the flint clay from Choctaw 
county. The material is spoken of under the head of 
Fire Clays. There is a very great abundance of this 
clay in the counties of Choctaw, Clarke, Conecuh, 
etc., in the lower Claiborne or Buhrstone division of 
the Tertiary. Over the greater part of the Coastal 
Plain, in the river second bottom or Post Tertiary 
formations, there is the best of the yellow loams 
which are suitable for the making of the ordinary 
building brick. These loams corresi)ond' in age, ap- 
proximately, to the Plisocene clays of the northern 
states, which are so extensively used for the same 
purposes. Besides these second bottom deposits, 
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there are lens of pure plastic clays to be found in 
many places interstratifled with the prevailing sands 
of the f ortnation. Many of these clays have been re- 
ceived and superficially tested, but it is the intention 
to extend the present investigation over that part of. 
the state in the near future. 



Ill 

PRELIMINARY REPORT OF THE PHYS- 
ICAL AND CHEMICAL PROP- 
ERTIES OF THE CLAYS 
OF ALABAMA, 

Bt Heinbich Ries, Ph. D. 

The tests which are described below were made in part 
on samples cpUected by the writer, and in part on sam* 
pies collected by Prof. Smith. In the examination of the 
different lots of clay an endeavor has been made to per- 
form such tests on the materials as Would tend to give 
information of value to the practical clay worker. 

This therefore includes the determination of the shrink- 
age of the clay in drying and burning, the degree of its 
plasticity, the color when burned at different tempera- 
tun s, the temperature of incipient fusion, vitrification 
and viscosity, and other minor points. 

In some cases it is possible to state what the possible 
applications of a given clay are, but in many instances 
any one clay is susceptible of being mixed with two or 
three other clays and utilized in four or five different 
ways. The main point therefore, is to point out the 
properties of the deposits, so that the manufacturer may^ 
find out more readily whether the State contains materi- 
als of the nature desired by him, and in what portion of 
the State they are to be found. 

It may be said in general that the results of the tests 
made indicate the occurrence of a great diversity of clays 
in the State, ranging from the more impure and easily 
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fusible ones to the very refractory bauxites, which are 
unaffected by high temperatures. 

These investigations relate chiefly to those deposits 
which have not yet been worked, with a view to aid the 
development of Alabama's clay resources; and conse- 
quently little is said with regard to the industry already 
established. 

Where a number in parenthesis follows the name of 
the locality, it refers to the number in the writer's note 
book, unless succeeded by the letter S in which case the 
number is that on the label furnished by Dr. Smith. 

The clays examined by me have been classified below 
as follows: China Clays; Fire Clays; Potters' Clays; Brick 
Clays; Misc^Uaueous Clays, and a few pages have been 
added on the utilization of clays, in the manufacture of 
Portland Cement. 

CHINA CLAYS. 

China clays might include those used in the manufac- 
ture of porcelain and white earthenware, and of these, 
two grades are recognized, i. e., kaolins, or china clay 
proper, and ball clays. The former possess little plastici- 
ty, a low percentage of fusible impurities, are generally 
highly refractory and burn to a pure white body. Very 
few kablins can be put on the market in the condition in 
which they are mined, and most of .them have to be 
washed in order to eliminate impurities which would tend 
either to discolor the clay or to render the texture far too 
coarse. The tensile strength of kaolins may vary from 5 
to 15 lbs. or even reach 25 lbs., arid the influence of this 
low strength is overcome by the addition of plastic ball 
clay. Iron is a very objectional impurity arid should 
not exceed J per cent, indeed the less of it the better. 
Alkalies, If present as silicates, are not wholly undesirable 
for they s^rve as beneficial fluxes, but if contained in (he 
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clay as eulphates they may cause blisters, especially if the 
clay is heated too rapidly, and the same holds true of sul- 
phate of lime or gypsum. Many washed kaolins ap- 
proach very closely to the theoretical composition of kao- 
linite, while others !eyen when washed may contain a 
high percentage of total silica due toihe presence of much 
quartz and perhaps feldspar. If these two accessory min- 
erals contain no iron they are harmless, especially if 
finely divided, and the rational analysis of clay is known. 
( See method of clay analysis. ) The term kaolin is usu- 
ally, and always should be restricted to white burning 
clays of residual origin. They are in most instances 
highly refractory, but they might also be of such compo- 
sition as to bring about fusion at a low temperature, and 
at the same time burn white. It is the absence of plastici- 
ty in kaolins that necessitates the addition of ball clay, 
but some lilanufacturers use only the ball clay, mixed 
with quartz and feldspar for making porcelain. The 
last two minerals are indispensable ingredients of white- 
ware mixture, quartz being added for the purpose of pre- 
venting excessive shrinkage, and feldspar on account of 
it 8 easy fusibility binding the mass together. 

China clays should contain a low percentage of iron 
oxide, in fact the less the better, for in burning this com- 
pound tends to color the clay yellow or red. While the 
percentage of iron oxide should be under 1 per cent., 
nevertheless many of the best china clays used contain 
1.25 to 1.35 per cent, of iron oxide. This production of 
a yellowish tint from such a quantity is prevented in two 
ways, first by adding a small amount of cobalt oxide to 
the white- ware mixture, or secondly by taking advantage 
of the fact that when the kiln, in which the ware is 
burned, is heated to a high temperature the fire tends to 
act reducing, thereby changing the iron coloration from 
yellow to bluish or bluish gray, and making it less no- 
ticeable. 
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Ball clays are used to mix with kaolin in the manu- 
facture of porcelain and white- ware in order to give plas- 
ticity to the mass. They should be as free from fluxing 
impurities and mineral fragments as possible, and some- 
times have to be washed. They generally burn nearly as 
white as kaolin. Ball clays should have a good tensile 
strength, not less than 60 lbs. to the square inch. They 
are often dark brown or even black from the presence of 
abundant organic matter, but this color disappears on 
heating. This organic matter exerts no other effect on 
the clay than to increase the plasticity and air-shrinkage. 

The Alabama clays included under this heading are 
those which burn white or very nearly so at a mgderate- 
ly high temperature. Many of the specimens examined 
are quite siliceous, and consequently exhibit a low 
shrinkage in burning, while nearly all of them are of 
sedimentary origin, a few, such as those associated with 
the bauxite deposits, having au origin in common with 
them. 

In respect to their geological relations the china clays 
here reported on come from three horizons, (1) the Cam- 
brian and Silurian limestone, e. g. No. A. S. from Rock 
Run; No. 190 from near Gadsden; and No. 205 from 
near Kymulga, in Talladega Co. (2) the lower Sub -car- 
boniferous cherty limestone; e. g. Nos. B. S; 128, and 214, 
from Willis' Valley, between Fort Payne and the Georgia 
state line. (3) the lower Cretaceous or Tuscaloosa forma- 
tion, e. g. No. 38. S; No. 85; No. 37. S from Chalk Bluff 
and vicinity, Marion county: No. 37. S from Pearce's 
Mill, Marion county, and No. 56. S from Pegram in Col- 
bert county. 

Of the above, only the clays from WilPs Valley have 
been regularly mined. 
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CHINA CLAY. 

PROM DYKE'S ORE BAKE, BOOK BUN, OHEBOKEE 00. 

(NO. A. S.) 

A white, soft, gritty clay, which slakes easily in water. 

The clay requires the addition of 30 per cent, of water 
to make a workable mass, which is quite lean. Brick- 
lets made from this shrunk 4 per cent in drying and an 
additional 12 per cent, in burning, making a total 
shrinkage of 16 per cent. 

The tensile strength of the air dried briquettes is low, 
heing only 9 lbs. per square inch on the average, with a 
maximum of 12 lbs. per square inch. 

Incipient fusion occurs at 2000 degrees, F. The clay 
l)ums to a hard, marble like, dense body with a very 
faint bluish tinge at 2100 degrees F. 

The analysis of the clay is as given below. 

AnalyBis of China Clay, Rook Run, Cherokee Co. (No. A. S.) 

Silica 60.50 

Alumina 2t.55 

Water 7.20 

Ferric oxide 30 

Lime 90 

Magnesia 65 

Alkalies 2.70 

Moisture 70 

99.50 

Total fluxes 4.55 

Speclflc gravity 2.52 

The rational composition is 

Clay substance 70.30 

Quartz 18.00 

Feldspar : ."T 22.20 

100.50 
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This clay possesseB an advantage in the density pro- 
duced by moderate burning but its high shrinkage would 
have to be counteracted by the addition of more quartz. 

CHINA CLAY. 

PROM J. R. HUGHES, GADSDEN, ALA., (NO. 190.) 

In the lump specimens this clay shows little evidence 
of stratification. It is mostly white in color, and on the 
average very fine grained 95 per cent of a Ipt of the sam- 
ple sent passing through a 150 mesh sieve. There are 
scattered through it occasional lumps of the halloysite, so 
that the material would either have to be ground or 
washed before shipping it to market. The latter course 
would be more advisable as it at times shows yellow 
patches of color. When thrown into water the clay 
slakes moderately fast to flocculent particles. In wash- 
ing it tends to stick on the sieve somewhat, and this 
might cause trouble in pottery manufacture unless ground 
quartz and feldspar were mixed with it in the proper pro- 
portions. 

In working it up with water 37.50 per cent of water 
were required, and gave a mass of high plasticity. 

The bricklets made from this had an air shrinking of 
8 per cent. 

In burning a noticeable property is the great density at- 
tained at a comparatively low temperature, but this is al- 
so accompanied by an additional though not great shrink- 
age. Thus, at about 2130 F. the total shrinkage was 
about 14 per cent, and the bricklet very dense; The color 
was white. At 2250 F. the shrinkage was 15 per cent, 
and the color white with a faint tinge of gray. At 2350 
F. the shrinkage remained the same, and the color white 
with a faint cream tinge. Incipient fusion began at 
2250 F. 
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The clay fused at cone 27 in the Deville furnace. 

The clay has to be heated very slowly in burning in 
order to prevent cracking. 

The tensile strength of the briquettes was tried in sev- 
eral different ways. 

One lot was made from clay ground to pass through 
a 20 mesh sieve, and these showed a tensile strength of 
137 lbs. per square inch, the maximum being 154 lbs, 
the variation in the different briquettes being 20 per 
cent. A second lot was ground to pass through a 60 
mesh sieve, and here the average strength was X38 lbs. 
per square inch, the maximum being 143 lbs. and the 
variation 12 per cent. 

A third lot was ground to pass through a 100 mesh 
sieve and here the average tensile strength was 1 32 lbs. 
per square inch with a maximum of 150 lbs. and a vari- 
ation of 15 per cent. 

The chemical analysis of this clay yielded: 

AnalyBis of China Clay, J. R, Hughes, Qadaden, (No. 190.) 

Silica 67.95j< 

Alumina 20.16 

Ferric oxide' 1.00 

Lime 1.00 

Magnesia tr. 

Alkalies 1.87 

Ignition 8.00 

99.97 

Total fluxes 2.00 

There are many points of a desireable nature to be 
found in this material, viz., its high plasticity, its great 
density on burning, and its good tensile strength, all oi 
which would combine to make it a ball clay of good qual- 
ity. The color on burning is not quite as white as could 
be desired but no doubt washing would improve this. 
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CHINA CLAY. 

TWO MILES N. OFKYBfULGA, TALLADEGA CO. (NO. 206.) 

A hard white clay, plainly stratified, due to the abon- 
dance of many white mica scales arranged parallel with 
the bedding. It is fine grained with a small amount of 
fine grit It slakes very slowly breaking into scaly frag- 
ments. 

When ground to pass through a 100 mesh sieve it re- 
quired 18 per cent, of water to mix it up, and give it a 
mass which was only moderately plastic, owing to the 
high amount of mica which it contains. 

The air shrinkage of the clay when thus mixed is 
5 per cent. 

When burned to about 2200^ F, the color was pure 
white, and the total shrinkage 8^ per cent., but incipi- 
ent fusion had not been reached. 

At 2350° F, the color was white, and the total 
shrinkage 11 per cent. 

In both cases the bricklets showed a tendency to 
crack in burning. 

Incipient fusion occurred at cone 27 in the Deville 
furnace, but at cone 30 vitrification was not complete. 

If used by itself it would probably not be safe to use 
the clay in its raw condition above 2250° without devel- 
oping a yellowish tinge, although this migh not be no- 
ticeable when ball clay and quartz and feldspar were 
mixed. 

The mica interfers with the tensile strength just as 
it did with the plasticity, so that the former did not ex- 
ceed 15 lbs. to the square inch and varied between that 
.and 12 lbs. per square inch. 
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The chemical analysis of the material is as follows: 

AnalysiB of China Clay near K^fmulga, Talladega Co, (No. 206.) 

Silica 50.45 

Alumina -^ 35.20 

Ferric oxide 80 

Lime «0 

Magnesia -62 

Alkallea 

Ignition 12.40 

100.07 
Total fluxes 2.02 

The clay would no doubt work for the manufacture 
of white tile; or white earthenware, but could not be 
used for porcelain without being washed. 



(No. B. S.) 
CHINA CLAY, 



It is whitish clay, with little or no grit, and of re- 
markable purity. In water it breaks up slowly to 
small grains. 

It took 33 per cent, of water to temper it, and gave 
a lean mass, which shrunk 2 per cent, in drying, and 
an additional 6 per cent, in burning, giving a total 
shrinkage of 8 per cent. Air dried briquettes of the 
clay had an average tensile strength of 25 pounds per 
square inch, with a maximum of 27 pounds. 

Incipient fusion occurs at 2300° F. vitrification at 
.2500' F., and viscosity above 2700' F. 

The clay burns to a very w^hite, smooth body. 

An analysis of the clay gave the following results : 
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AnalyHt of China Olay, Bwreka Mine9, DeKalb Co, (No, B S.) 

Silica 47.00 

Alumina .' 88.75 

Water ^ 12.94 

Clay base »8-69 

Ferric oxide W 

Lime .70 

Magnesia ' tr 

Alkalies tr 



100.88 

Total fluxes 1.65 

Bpeclflc gravity 2.84 



This clay approaches closely to kaolinite in its . 
composition. 

(No. 128.) 
CHINA CLAY, 

H. H. GRIFFIN, EUREKA MINE. 

This is a white clay, which represents the best qual- 
ity obtained in the mines of H. H. GriflSn, four miles 
northeast of Valley Head. 

It is a very gritty, lean clay, which took 38.50 per 
cent of waiter to work it up. 

The air shrinkage was 3^ per cent., and at 2250' P. 
it had only shrunk 6 per cent., and barely showed 
signs of incipient fusion. Vitrification takes place 
at 2800° F. The analysis of a clay from this locality, 
from what is known as the Eureka Mine, and made by 
A. T. Brainard, was kindly furnished to the writer by 
Mr. GriflSn. It is as follows : 
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Analysis of China Clay, fureka Mines, DeKalb Co, 

Silica 5 53.7800 

Alumina 34.5890 

Ferrous oxide 8680 

Lime 4144 

Magnesia 8420 

Alkalies tr 

Sulphuric acid 2018 

Phosphoric acid 0522 

Ignition 12.28 

102.4124 
Total fluxes 1.609 

The following analysis of sample collected by writ- 
er from the mines in 1897, gave the following : 

Analysis of China Clay, Eureka Mines, DeKalb Co. (No, 128.) 

Silica 82.11 

Alumina ; 11.41 

Ferric oxide 1.40 

Lime .,p tr 

Magnesia §61 

Alkalies i 1.80 

Ignition 4.001 

■^ 4.001 

101.882 
Total fluxes 3.86 

The rational analysis gave. 

Clay substance 20.20 

Quartz 69.20 

Feldspar .• 10.40 

99.80 

The feldspar percentage influences the fusibility of 
this clay, and the diflFefence in the two quantitative 
analyses is due to the latter having been made on an 
unwashed sample. 
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(No. 214.) 
CHINA CLAY, 

FBOM F. Y. ANDERSON^ NEAR FORT PAYNE, DEKALB CO. 

This clay is rather sandy in its nature, unless 
ground extremely fine, the granular character being 
due partly to the halloysite which it contains. 

It slakes very slowly and incompletely, and took in 
its air dried> condition 30 per cent, of water to work 
it up. 

The air shrinkage of the bricklets was 7 per.cent At 
cone 27 in the Deville f urance, it was white and show- 
ed traces of incipient fusion. At about 2350' P., it 
burned white without a trace of yellowish color, and 
wHh a total shrinkage of 11 per cent. 

It is evident that this material could be used in the 
manufacture of white ware. It would, however, take 
much grinding to develop its plasticity fully. 

The tensile strength was from 60 to 65 pounds per 
square inch when the material was ground to 60 mesh, 
and the briquettes are very constant in strength. 
With finer grinding the tensile strength would very 
probably increase. 

The chemical analysis yielded : 

Ancaysis of China Clay, F. Y. Anderson, DeKalb Co, (No. 214.) 

Silica 53.60 

Alumina 34.46 

Ferric oxide 21 

Lime 30 

Magnesia trace 

Alkalies 21 

Ignition 13.20 

101.87 
Total flaxes 72 
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(No. 38 8.) 
CHINA CLAY. 

J. J. MITCHELLS^ CHALK BLUFF, MARION CO. 

Pure white, fine grained clay, brittle when dry, 
and with conchoidal fracture. I* slakes easily in 
water, all of it passing through a 60 mesh sieve and 
most of it through a 160 mesh one. 

The clay ground to pass through a 30 mesh sieve, 
and mixed with 24 per cent, of water, gave a lean 
mass whose air shrinkage was 4 per cent, and an addi- 
tional shrinkage of 3 i)er cent, took place in burning,- 
giving a total of 7 per cent. 

Air dried briquettes of the clay gave the usual low 
tensile strength of kaolin, the average being 15 pounds 
per square inch, with a maximum of 17 pounds per 
square inch. 

Incipient fusion occurs at 2300"* P., vitrification 
at 2600' ,F., annd viscosity at 2700' F. 

The clay burns to a clear white body. Its composi- 
tion is as follows : (No. 1 being by H. Ries and No. 2 
by W. B. Phillips. No. 3 is the composition of pure 
kaolin given for comparison.) 

Analyaea of CMma Clay, Chalk Bluff, Marion Co. 

12 3 

Silica 47.25 47.20 46.80 

Alumina S«.50 37.76 39.80 

Water 13.35 14.24 13.90 

Ferric oxide 2.56 tr 

Lime tr tr 

Magnesia . . .' tr tr 

Moisture 50 tr 

100.16 99.20 100.00 

Total fluxes (!) 2.66 

Specific gravity 2.44 
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(No. 85.) 
CHINA CLAY. 

CHALK BLUFF, MARION CO. 

This clay which occurs on the property of Mrs. 
Nelson is a smooth, white,. fine grained clay with a 
conchoidal fracture. It slakes easily into angular 
grains. It is very lean, and requires 33 per cent, of 
water to mix it up. The tensile strength is also very 
low, being only 15 pounds per square inch. The air 
shrinkage is 4 er cent. 

. At 2200° Fahr. the total shrinkage was 10 per cent. 
At. 2350°, it was 15 per cent., and the bricklet incipi- 
ently fused, with a yellowish white color. 

At 2500°, the total shrinkage was 18 i)er cent. The 
color was yellow. Vitrificaton occurred at 2700° F. 

In the Deville furnace, at cone 27, the clay was 
nearly viscous. 

No analysis was made of this clay. 

(No. 37 S.) 
CHINA CLAY. 

BRIGGS FREDERICK^ NEAR CHALK BLUFF, MARION CO. 

This was a fine grained clay, 90 per cent, of it pas- 
sing through a 60 mesh sieve. The clay took 25 pei 
cent, of water to be worked up, and even then was 
lean and granular, fine grinding being necessary to 
develop proper plasticity. 

f The air shrinkage was 2^ per cent, and the fire 
shrinkage was the same, giving a total shrinkage of 
5 per cent, in the case of a sample ground to pass 
through a 30 mesh sieve. 
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The air dried briquettes showed an average tensile 
strength of 14 pounds per square inch, and a majd- 
mum of 16 pounds. 

Incipient fusion occurs at 2300** F., vitrification at 
2500' F., and viscosity above 2700** F. The clay 
burns to a white but somewhat porous body. 

Its composition is as f oUows : 

Analyaia of China Olay, Brigga FredeHok, Marion Co. (No. 87, S.) 

Silica 65.49 

Alumina 24.84 

Water 7.50 

Ferric oxide tr. 

Lime 1.26 

Magnesia tr. 

Alkalies tr. 

Moisture 30 

99.37 

Total fluxes " 1.26 

Specific gravity 1.7f 

This clay is very low in iron, and the small per- 
centage of lime is no detriment. 

(No. 36 S.) 
CHINA CLAY. 

PEARCE^S MILL^ MARION CO. 

A hard, porous,, coarse grained, gritty clay, which 
in water breaks up slowly into angular fragments, 
each of which in turn keeps splitting. 

Twenty-five per cent, of water was required to work 
it up, but it is very lean. The air shrinkage was 3 
per cent, and an additional 12 per cent, in burning, 
making a total of 15 per cent. 

The tensile strength of air dried briquettes varied 
on the average 12-14 pounds per square inch with a 
maximum of 20 pounds per square inch. . 
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Incipient fusion occurred at 2300* F., vitriflcatiott 
at 2500' F., and viscosity at over 2700"* F. 

The clay burns at 2300** F. to a very white body. 
The analysis of it yielded. 

Analysis of China Clay, Pearoe^a MUl, Marion Co. (No, 86, S.) 

SUIca (combined) 88.60 

Alumina 82.60 

Water 11.06 

Clay base 82.15- 

Sllica (free) 17.68 

Ferric oxide 20 

Lime tr. 

Magnesia tr. 

Alkalies tr. 

Moisture 20 

100.08 

Total fluxes 20 

Specific gravity 2.88 

With wasting, this clay would probably be well 
adapted to the manufacture of the highest grades of 
pottery. It contains less fusible impurities than most 
of the kaolins used* in this country, and the probabili- 
ties are that if the deposit were constant in its char- 
acter it might not require washing. 



(No. 56 S.) 
CHINA CLAY. 

PEGBAM^ COLBERT GO. 

A fine grained, whitish, homogeneous but not very" 
dense clay with a smooth fracture. 

In water it slakes slowly to grains under a sixtieth 
of an inch (1-60 in.) 

Thirty per cent, of water was required to make a 
workable mass, which to the feel was quite lean. 
The air shrinkage of bricklets made from it was 7 per 
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cent., and 4 per cent, in burning, making a total of 
11 per cent 

The tensile serength of the air dried briquette was 
quite low, being 40 pounds per square inch on the 
average, with a maximum of 53 pounds i)er square 
inch. 

Incipient fusion occurs at 2200** F., vitrification at 
2400" F., and viscosity at 2600" F. 

The clay burns to a white body which is hard and 
dense, the following is the analysis of the clay. 

Analysis of China Clay, Pegram, Colbert Co. (No. 56, S.) 

Total Silica 64.90 

Alumina ', 25.25 

Water 8.00 

Moisture .' .90 

Ferric oxide trace 

Lime trace 

Magnesia ; trace 

99.05 

P ee si- a 84.40 

Specific gravity 2.85 

The material is to be looked upon as a white- ware 
clay of good grade, from which the sand could be re- 
moved by washing if necessary. There are practical- 
ly no published analysis with which this agrees verr 
closely, but a comparion is not necessary as the purity 
of the matenal is self evident. 

FIBE CLAYS 

The term fire-clay is applied to those clays which 
will resist a high temperature without fusing. 

Fire clays are of two kinds, fiint clays and plastic 
clays. 

The flint clays generally approach kaolinite in com- 
position, but have no plasticity, or at the most a very 
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jyliRht degree of it. They are generally of a highly 
refractory nature, their fusing point being commonly 
above 2700** F. and their shrinkage in drying and 
burning is extremely low. They therefore make an 
excellent grog to add to the more plastic clays for the 
purpose of reducing their shrinkage. Flint clays 
have thus far not been found in Alabama, except 
in Conecuh, Choctaw, Washington, Clarke and 
Monroe counties. 

Plastic fire clays are widely distributed and are 
especially abundant in the Coal Measures of many 
states, but they may also ocsur in the Cretaceous 
and Tertiary formations. Those of the Carbonifer- 
ous are often of a shaly nature and to be ground be- 
fore their plasticity can be brought forth. 

The requisite qualities of a fire clay vary some- 
what according to the use to which it is to be put, and 
it is still a disputed point, just what temperature the 
fusion point of a clay should exceed in order to be 
classed as a refractory one. As it now stands, many 
American clays are unfortunately and erroneously 
classed' as fire clays which can not withstand a tem- 
erature of more than 2300° or 2400° F. Mkny of the 
New Jersey fire clays require a temperature of from 
2500° to 2600° F. to burn them.* The fire clays of 
Missouri fuse at from 2400° to above 2700°. 

No arbitrary line can be drawn between refractory 
and semi-refractory clays, but if such a division were 
made it would seem advisable not to^ call any clay re- 
fractory which is affected by a temperature of less 
than 2700° F. Many of the Alabama fire clays. con- 
form to this definition. 

While it is desirable that fire clays should posses 
good plasticity and] low shrinkage, the main point is 
their refractoriness. It may be said in general that 
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the fusible impurities of a fibre clay should not exceed 
3i or 4 per cent., but these limits may be extended 
somewhat in either direction depending upon the 
nature of the flux and whether the ^clay is fln^ or 
coarse grained. 

The shrinkage of a fire clay in burning may often be 
counteracted by the addition of grog, i. e. sand, 
ground fire brick, or similar substances. Fire clays 
which are too fat and plastic are likely to crack in 
burning, but at the same time they give a dense body. 
It is desirable that any burned clay or grog which is 
m^'xed with the raw material should have previously 
been burned as dense as possible. Fine grains of pow- 
dered grog permits the brick to shrink more in burning 
than the course and bricks with the latter generally 
stand changes of temperature better. Next to burn- 
ed clay, quartz is perhaps the most important grog, 
and flint clay, serves a simila*' purpose. 

If a fire brick made only of clay and clay grogs 
still shrinks when placed in the furnace, sharp qukrtz 
grains should be added, as they have a tendency to 
expand on repeated heating. Fine grained quartz 
sand should in no case be added if the brick is to be 
exposed to high temperatures, for in such cases it 
tends to flux the clay in burning, furthermore the 
addition of coarse quartz must also be within limits 
for if in too large quantity the quartz grains loosen the 
brick by their expansion. A good fire brick is some- 
times made by mixing a non-plastic refractory clay 
with a very plastic dense burning, semi-refractory 
one. 

No fixed rules can be laid down to govern the 
selection and valuation of a fire clay for the reason 
that the use to which it is to be put determines its 
qualities to a large extent. All fire clays should 
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T^eBiBt a high fcemperature. Some are used in situa- 
tions requiring resistance to heat and these must be 
coarse grained. Others when burned into bricks 
must resist corrosion and consequently should bum 
to a dense product^ as in the case of glass pot clays. 
Fire bricks, — These should show a resistance to 
high temi)eratures, and also the fluxing action of 
ashes from the fuel, which contain carbonates, sul 
phateS) and phosphates of the alkalies and alkaline 
earths. In addition they should withstand the cor- 
rosive action of fused metallic slags, alkalies, and 



The density of the fire brick is often of great im- 
poitance especially where it is to resist the corrosive 
action of molten material. The fat plastic clays are 
those which usually burn to the most dense body, but 
in doing so they frequently crack to such an extent 
that grog has to be added to them. 

Porous, coarse grained bricks on the other hand 
stand heat better. 

The fire-clays below reported) on come from four 
geological horizons, viz., (1) The Cambrian and Sil- 
urian limestone formations of the Coosa Valley regi- 
on; No. 191 from Peaceburg, Calhoun county; No. 127 
Stevens, from Oxanna, Calhoun Co.; the refractory 
clays of Rock Run, Cherokee Co.; and the bauxites 
from the same locality. (2) The cherty limestones 
of the lower Subcarboniferous formation of Wills' 
Yalley; No. 117 and 116 from the Montague mines, 
and No. 119 from near Valley Head in DeKalb 
county. (3) The Tuscaloosa formation of the lower 
Cretaceous, No. 112 from Bibbville, and No. Ill 
from Woodstock in Bibb county; No. B from near 
Hull's Station, and No. 118 from near Tuscaloosa in 
Tuscaloosa county; Nos. 1 and 2 from Pearce's Mills 
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in Marion county and No. 57 S. from P^ram in Col- 
l)ert county. (4) The lower TCTtiary formation, No. 
€ S from Choctaw county. Of these only the clays 
from Bibbville and Woodstock have been regularly 
mined. 

(No. 191.) 
FIRE CLAY. 

FROM PBACBBUEG, NBAE^ ANNISTON. 

A grayish white clay of very fine grain, and contain- 
ing a noticeable amount of very fine mica scales. In 
water it slakes moderately fast. 

Twenty-five per cent, of water was required to 
work it up, and the resulting mass was rather lean, 
and had a somewhat flaky structure, which interfer- 
red' with the development of the plasticity. 

Bricklets made from the mixture had air shrinkage 
of 5 per cent. 

When burned to about 2100° F. the total shrinkage 
amounted to 10 per cent, the clay was white with a 
faint tinge of yellow and the brick was still very por- 
ous. At about 2250** F. incipient fusion has barely 
been reached, w'th a total shrinkage of 13 per cent, 
the color being white tinged to a noticeable extent 
with yellow. At about 2300** F. the bricklet burned 
cream color, was incipiently fused, and the' total 
shrinkage amounted to 15 per cent. 

In the Deville furnace the clay vitrified at cone SO, 
but did not lose its shape. 

Owing to the leanness the tensile strength was very 
low, and ranged from 20 to 25 pounds per square inch. 

The chemical analysis of the clay gave: 
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AnalyHa of fire olay, Peaeetmrg, Oalhoum Co. (No. i91.) 

SUlca 61.90 

Alumina 85.00 

Ferric oxide 99 

Lime .28 

Magnesia 10 

Alkalies * *55 

Ignition \[\ ll^ao 

99.87 
Total Ouxes 1,57 

The low plasticity of this clay would probably inter- 
fere with its being used alone, but owing to its re- 
fractory nature and the light color developed in burn- 
ing it could no doubt find use as an ingredient of 
other clay mixtures. 

(No. 127 of Mr. Stevens.) 
FIRE CLAY. 

FROM OXANNA^ CALHOUN COUNTY. 

This is a coarse and sandy clay, which mixe^ up to 
a lean mass with only 16 per cent, of water. The 
t>ensile strength is very low, being on the average of 
9 to 10 pounds per Bquare inch, and the air shrinkage 
is 2 per cent. 

The following is the behavior of the clay at suc- 
cessively higher temperatures. 

At 2200** F. thjB color was grey white. 

At 2250** F. shrinkage 3 per cent, color buflf. 

At 2300^ F. shrinkage and color same. 

At 2400 ** F. shrinkage 3 per cent., color buflf, show- 
ing specks of ferric oxide. 

At 2500** F. the shrinkage was only 2 per cent, hav- 
ing undergone a slight swelling owing to the very 
high quartz percentage. Incipient fusion had not 
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occurred up to fhis poin*. The following is the 
analysis of this clay. 

Analysis of Fire Clay, Oxanna, Calhoun Co. (No, 127, Stevens). 

SUlca 84.21 

Alumina 9.75 

Ferric oxide ^^ 

Lime 70 ■ 

Magnesia 'l^ 

Ignition ^. 4.10 

99.59 
Total fluxes 1.53 



REFRACTORY CLAYS 

OF ROCK RUN^ CHEROKEE COUNTY. 

Associated with the bauxites at Rock Run are a 
number of clays, most of them of fine grained texture, 
but some showing small quantities of grit, and which 
vary in color from pure white to mottled ones, which 
at times contain an appreciable percentage of sand. 
Samples of these clays from six different locations 
have been tested, they come from what are known as 
the Dykes old Iron Ore Mine and the Dykes Bauxite 
Mine, on the property of the Rock Run Iron Mining 
Co. in Cherokee county. 

No. 1. is on the north side of the iron mine reserva- 
tion at tljie extreme western end ; No. 2 and 3 are from 
the same side of the pit, but at points 125 and 200 
feet farther east respectively ; No. 4 is from the west- 
ern end of the Bauxite pit and on the north side of 
the entrance to it; No. 5 is on the north side of 
the same pit and No. 6 at the eastern end of it. 

Nos. 1, 2, 3, each show a face 15 to 20 feet in height, 
and are of probably greater thickness. No. 4 is look- 
ed upon as a very low grade of bauxite. 
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The following tests mere made npon these samples: 

No. 1. This is a fine grained white clay, with a 
splintery fracture, showing iron stains along the joint 
cracks and other planes or fracture, but none in the 
interior of the masa It slakes quickly but not com- 
pletely into angular fragments. In mixing it up, 32 
per cent, of water was required and the resulting 
mass was lean and granular. It had been previously 
passed through a 30 mesh sieve, and it ground to a 
finer mesh would, no doubt, be more plastic. The 
lean granular character gives it a very low tensile 
strength amounting to not over 6 pounds. 

The air shrinkage of the clay was 4 per cent at 
about 2200i F., the total shrinkage was 9 per cent; 
and at about 2300^ 18 pr cent, at about 2500', the 
total shrinkage was 21.50 per cent, and the color of 
the burned bricklet was still white. 

When tested in *he Deville furnace at cone 30 tlie 
form of the clay still remained sharp, and it was 
white in color, but showed signs of incipient fusion. 

The composition of the clay is as follows: 

Analysis of Fire Clayy Bock Bun, Cherokee Co. (No. 1.) 

Silica 47.60 

Alumina 36.70 

Ferric oxide 1.10 

Lime 1.30 

Magnesia trace 

Alkalies trace 

Ignition 14.20 

100.90 
Total flaxes i.4( 

These tests indicate that the clay is quite refrac- 
tory, and its burning to a white color would permit its 
being used for products having a white body. The 
high shrinkage is somewhat against it, but this could 
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be counteracted to a large extent by the addition of 
quartz and it would also be necessary to mix it with 
some plastic clay, if it was to be molded when wet 

No. 2. This is similar to No. 1 in its color and tex- 
ture. It is however much mor^ plastic than the 
other although it only required 31.25 "per cent, of 
water to mix it, the tensile strength however is very 
low, and in this case bears no relation to the plastic- 
ity, the air shrinkage of the clay is 3 per cent; at 
about 2200*" F., the total shrinkage was 10 per cent 
and the bricklet was still absorbent although incipient 
fusion had just begun, while the color was yellowish 
white; at about 2250** F., the total shrinkage was 14 
per cent, the bricklets had an absorption of about 5.7 
per cent and the color still a yellowish whita At 
about 2300** F. the total shrinkage was 16 per cent, 
the absorption only 2 per cent, while its color was a 
very faint yellowish gray; the total shrinkage was 17 
per cent, at 2400** F., and the bricklet which appeared 
nearly vitrified, was gray in color. 

In the Deville furnace at cone 30, the form of the 
clay was still perfectly sharp, and while it was thor- 
oughly vitrified it showed no evidence of becoming 
viscous. 

The rational composition of the clay was : 

Clay substance 94.54 

Quarts 5.80 

Ferric oxide 26 

No. 3. This is likewise a white clay but one con- 
taining much fine grit, not very porous, and slakmg 
quickly to a powder. It is also a very plastic clay, 
and took 36.50 per cent, of water to work up, but the 
tensile strength again is very low, being not over 5 
pounds. The air shrinkage was 3 per cent ; at about 
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2200"* P., the total shrinkage was 12 per cent., and the 
bricklet white, with an absorption of 7.20 per cent. 
At about 2250'* F. the total shrinkage was 13 per cent, 
and the bricklet, which had an absorption of 6.3 per 
cent, was white wi«th a very faint tinge of yellow. At 
about 2300** F., the total shrinkage amounts to 15.5 
per cent., the color of the bricklet white with a mere 
shade of gray, and the absorption of it had decreased 
to 1.3 per cent. The total shrinkage at about 2500** F. 
was 17.5 per cent, and vitrification had occurred, the 
bricklet being whitish in color. 

In the Deville furnace at cone 30, the form of the 
clay pyramid was still erect, and while the clay was 
thoroughly vitrified the angles were still sharp and 
color whitish. The composition is : 

Analysis of Fire Clay, Rock Run, Cherokee Co. (No, 3). 

Silica 72.20 

Alumina 22.04 

Ferric oxide 16 

Lime 50 

Masrnesia 40 

Alkalies V/. 60 

Ignition 5.80 

101.70 

Sand 34.52 

Total fluxes 1.66 

No. 4. This clay as has already been stated is a 
low grade bauxite, it is white in color with a slight 
yellowish tinge and portions of it show a pisolitic 
structure. It slakes quickly. 31.35 per cent, of wat- 
er were required to work it up and even then the mud 
was extremely granular and very lean, and the air 
dried briquetts had a tensile strength of only 6 
pounds. The air shrinkage was 5 per cent. At 2250* 
F. the total shrinkage was 14 per cent., the bricklets 
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very porous, of a white, color with a mere tinge of yel- 
low. At 2400*" F. the total shrinkage was 15 per cent 

In the Deville furnace at cone 27, the clay still re- 
mained entirely unaffected, but the color was grayish, 
and the total shrinkage up to this point amounted to 
26 per cent. 

The composition of the clay is : 

Analyata of Fire Clay, Book Bun, Cherokee Co., No, 4. 

Silica 17.70 

Alumina 59.46 

Ferric oxide ' 36 

Ignition 22.06 

99.58 
Total fluxes 86 

No. 5. This is a soft whitish, easy slaking clay, 
but a very porous one which absorbs 40 per cent, of 
water in working it up, and even then gave a very 
lean mass, whose tensile strength, when made into 
briquettes and air dried, was only 5 pounds per square 
inch. The air shrinkage is 4 per cent, and at about 
2250** F. the total shrinkage was 17 per cent., but the 
bricklets, whose color was yellow, were still very 
X)orous and' could be scratched by a knife without 
much difficulty ; at 2400° F., the shrinkage showed 
a total of 22 per cent, and incipient fusion began ; at 
2500° F., the total shrinkage was 23 per cent, the 
brick was still porous and faintly yellowish white. 

In the Deville furnace at cone 30, the clay had 
burned dense, was incipiently fused, but otherwise 
unaffected, its color was a grayish white and the total 
shrinkage amounted to 34 per cent., which is really 
not surprising when we consider the high amount of 
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combined water that the day shows, for it is evident- 
ly a low grade bauxite like the preceding one. 
The composition is : 

Analysis of Fire Clay, Bock Bun, Cherokee Co., No. 6. 

SUlca 81.20 

Alumina 44.28 

Ferric oxide 1.45 

Lime 1.00 

Magnesia .20 

Ignition 22.80 

100.73 

Total fluxes 2.65 

This clay is evidently a mixture of clay and bauxite^ 
as can be seen from the high shrinkage and large per- 
centage of combined water. 

No. 6. The color of this clay is yellow, and it is 
fine grained but not liard, and shows numerous slick- 
enside surfaces. In slaking it breaks up easily but 
slakes completely to powder only after long immer- 
sion in water. The clay is very lean, and requires as 
much water as the preceding to mix it up; the tensile 
strength is also very low being under 5 pounds. The 
.air shrinkage is 2 per cent., the total shrinkage at 
2200° F. is 8 per cent. ; at 2250' F. it is 12 per cent ; 
at 2400'' F. it is 13 per cent; at 3500' F. it is 15 per 
cent.; at 2600' F. it is 20 per cent, and the bricklet 
was still very absorbent. 

In the Deville furnace at cone 27, the clay had burn- 
ed d^nse, but still preserved its form with ^arp edges 
and showed a total shrinkage up to this point of 35 
per cent. 

The composition of the clay is as follows : 

Analysis of Fire Clay, Book Bun, Cherokee Co,, No. 6. 

Silica 84.60 

Alumina 45.80 

Ferric oxide 62 

Ignition 20.00 

100.92 
, Total fluxes 62 
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BEFAOTOBY BAUXITES. 

EOCK EUN, CHEEOKBB COUNTY. 

In addition to these bauxitic clays, six samples of 
bauxite were also tested chiefly to determine their 
refractoriness and their shrinkage in burning, the 
method adopted with most of them being to grind up 
the specimen, so that it would pass through either a 
20 or a 30 mesh sieve, the particles which did not pass 
through being also retained'. Several mixtures of the 
coarse and fine material were made. The mass pro- 
duced in every instance by mixing it with water wa^ 
extremely low in its plasticity, and lacked greatly in 
tensile strength, the latter in every instance being 
not more than 2 or 3 pounds per square inch. 

In many cases, the bauxite showed so little tenacity 
and was so littJe affected by the heat that bricks 
which had been burned at a temperature of 2600** P. 
were easily rubbed apart with the fingers. Another 
point to be noticed is the enormous shrinkage which 
all of the specimens exhibited, the air shrinkage, how- 
ever, being very low. 

No. 1. This was powdered alid parsed through a 
30-mesh sieve, and on working up gave a very lean 
mass, which required 24 per cent, of water. The air 
shrinkage was 3 per cent, and at 2400"* F. the total 
shrinkage was 11 per cent,, while the bricklet was very 
porous and white. At 2500** F. the bricklet had not 
shrunk any more but the color had become reddish. 

In the Deville furnace at cone 30y the bauxite was 
totally unaffected although it had become somewhat 
dense, and showed a shrinkage of 23 per cent The 
composition was: 
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Analysis of BatuHte, Book Bun, Cherokee Co., No. 1. 

Silica 8.80 

Alumina 61.64 

Ferric oxide 1.10 

Lime '. trace 

Magnesia trace 

Ignition 20.97 

100.61 

No. 2. Two mixtures were made of this, viz: a. 
which was 50 per cent, of grains between 15 and 
20-mesh, and 50 per cent, smaller than 20-mesh. The 
bricklet made from this showed a total shrinkage of 
12 per cent, at 2400° F., while at 2600° F., the shrink- 
age was 14 per cent, and the. bricklet was so friable 
that it could be easily rubbed apart. 

6. The bauxite was ground and passed through a 
30-tnesh sieve. In this condition it took 25 per cent, 
of water to mix it up, and made a very lean paste. 
The shrinkage of the bricklets made from this was 
about 10 per cent at 2250° F., they were very porous, 
soft, and of a slight yellowish tint ; at about 2400° F. 
the total shrinkage was 15 per cent, and at 2600° F. 
amounted to 17 per cent., but the bricklet was still 
scratched by a knife without much difl&culty. In the 
Deville furnace the bauxite was still uneflfected at 
cone 30, but show^ed a total shrinkage of 27 per cent. 

Its composition is : 

Analysis of Bauxite, Bock Bun, Cherokee Co., No. 2. 

Silica 18.S0 

Alaoalaa 64W 

Ferric oxide 1.36 

Ignition 27.60 

101.65 

72. (No. 3.) Ground to pass through a 20-mesh 
sieve, it gave a very lean mass on the additon of 25 
per cent, of water. 
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The air shrinkage was 2 per eeftt 
At 2400** F. the brick was very loose and crumbly. 
At 2500** F. shrinkage 11 per cent. 
At 2600** F. shrinkage 18 per cent 
At 3150° F. shrinkage 22 per cent Totally unaf- 
fected. 

Analysis of Bauttite, Rock Run, Cherokee Co,, Nq. 3. 

Silica 3.30 

Alumina....' 69.0t 

Ferric oxide 20 

Lime 

Water 28.10 

100.66 

48. (No. 4.) Three mixtures were made up as 
follows : 
a. 33 per cent, smaller than 20-mesh. 

67 per cent 10-20 mesh. 
h. Under 30 mesh. 
c. Under 20-mesh. * 
All three gave lean mixtures. 

a. Took 23 per cent water to work it up. 

b. Took 20 per cent, water to work it up. 

c. Took 24 per cent, water to work it up. 

The air shrinkage was 6. 2 per cent, c. 1 per cent. 
At 2400** F. 6 showed 10 per cent, shrinkage and 
the particles barely colored. 

At2500°F. b had shrunk 11 per cent, and held; 
c 13 per cent, but was very loose. 

At 2600** F. 6. and c. had both shrunk 13 per cent 
but could still be scratched by the knife. 

At 3000" F. the bauxite was unaffected, and show- 
ed a total shrinkage of 17 per cent 
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Analytis of Baumite, Bocik Bwi, Oherohe^ Oo,, No, 4. 

Silica 8.50 

Alumina .' 66.70 

Ferric ozlde 10 

Water ,, .... «81.30, . , 

. . ' . . rlO1.40 

49. (No. 5.) Mixtures made were : , ^ 
a. 35 per cent. 10-20 mesh and 65 per cent, under 
20 mesh. Required 18 per cent, of water to work up. 

6. under 30-inesh. Required 20 i)er cent of water. 

c. under 20-mesh. Required 25 per cent, of water. 
• The air shrinkage of all was 1 to 2 per ceuu 

At 2550° F. the shrinkage was 20 per cent. 

The bauxite when heated to cone 30 in the Deville 
furnace, preserved its form and sharp edges, and 
showed the faintest trace of incipient fusion. It is 
. therefore highly refractory. 

Analysis of Bauxite, Rock Run, Cherokee Co., No. 5. 

^ Silica 28 

Alumina • 68.14 

Ferric ozlde trace 

Water 32.60 

101.02 

73. (No. 6.) A whitish, claylike bauxite. Thi& 
took 46 per cent, of water to work it up and gave a 
fairly plastic mass, but had very little tensile 
strength. 

At 2400** F. the shrinkage was 10 per cent., brick- 
let still soft enough to be scratched by the nail. 
At 2550** F. shrinkage 27 per cent. 

At 2600** F. shrinkage 30 per cent., brick resisted 
scratching by a knife. 

At 3100"* F. bauxite dense', gray in color, but form 
perfectly sharp. 
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Aniflyai* of BauwiU, Book Run, Cherokee Oo., No, 6. 

Silica ...». ..,. J ..•.;....*.. ...... 0.«bf ' ' 

Albmlna ,.. ^1.14 

Ferric oxide ...:... V trace 

Lime ...... .^. .. .>. .;.... • trace " • ' 

Magnesia trac^ 

Water 81.20 

101.84 

The foregoing tests of these bauxites show a high 
refractoriness, but also a very high shrinkage which 
increases apparently with the fineness of grain. It 
is difficult to draw conclusions from six specimens^ 
however, just what the relations of silica, alumina, 
water and size of <^rain are which influence the shrink- 
age. 

All of these bauxities would, of course, have to be 
first calcined if used for refractory purposes; but 
they could then be mixed with a small amount of 
plastic clay to serve as binder and would then make 
a very refractory article. In my report I shall dis- 
cuss this point. 

(No. 117) 
FIRE CLAY. 

NEAE VALLEY HEAD, DEKALB COUNTY. 

The clay mines of the Montagues are situated about 
two mile up the railroad from Valley Head, and a 
few hundred feet to the w^est of the track. Several 
grades of clay are obtained from the mines, but they 
are not restricted in any case to certain layers. The 
following sample tested is what is known at the mines 
as the first ^rade, and its refractory character is not 
by any means low. 

The material is a white sandy clay, rather coarse 
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grained and containing occasional reddish or pinkish 
stains. There is no mica to be seen in it It is hard 
but very porous, and practically does not slake when 
immersed in water for a long period. 

When mixed with 35 per cent, of water it gave a 
gritty but lean mass, which had an air shrinkage of 4 
per cent In this case it had been ground to pass 
through a 60-mesh sieve. When ground to pass 
through a 100 mesh sieve it absorbed the same quanti- 
ty of water but the plasticity was slightly increased, 
while the air shrinkage remained about the same. 

At 2100° F. the clay burns white; at 2300° F. it is 
white with a slight tinge of yellow, and at 2350" F. it 
is the same with the total shrinkage amounting to 
only 4 per cent. Incipient fusion occurs at 2400° F. 
and at cone 27 in the Deville furnace the clay vitri- 
fied. 

The tensile strength is very low, not over 5 or 6 
pounds per square inch. 

The chemical analysis yielded : 

Analysis of Fire Clay, near Valley Head, DeKalb Co, (No. 117). 

Silica 82.04 

Alumina 12.17 

Ferric oxide trace 

Lime trace 

Magnesia 327 

Alkalies 60 

Ignition 4.325 

99.462 

Total flaxes 9 27 

Spedfic gravity 2.38 

The rational comj)osition is: 

Clay substance 31.10 

Quarts 64.80 

Feldspar 3.90 

99.90 
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(No. 1160 
PIKE CLAY. 

NBAB VALLEY HBAD^ DEKALB COUNTY. 

Occurring in the same quarry is what is known as 
the second grade of fireclay. This is a fine grained 
yellowish gray clay containing much fine grit. It 
slakes quite quickly when thrown in water, andi when 
worked up with 39 per cent, of water gave quite a 
plastic mass. The air shrinkage of the bricklets am- 
ounted to 8 per cent, which is greater than that of the 
first grade, which was also less plastic. The tensile 
strength seems to have increased with the plasticity 
for it amounted to 20 pounds per square inch. When 
burned to 2350** F. the total shrinkage was 17 per 
cent, and incipient fusion took place, while vitrifica- 
tion occurred at 2700° F. and at cone 27 in the Deville 
furnace the clay fused but did not run. It will be 
thus seen that it is less refractory than the so called 
first grade, which only vitrified at this latter temper- 
ature. Both are to be classed as fireclays however. 
Up to incipient fusion, the clay remains v/hite, but 
above that it begins to show a yellowish tint due to 
the presence of iron oxide in the clay. 

The chemical composition of the clay is : 

AnaVyaU of Fire Clay, near Valley Head, DeKalb Co, (No. 116). 

Silica 79.80 

Alumina » 13-76 

Ferric oxide 1-76 

Lime 76 

Magnesia trace 

Alkalies 160 

Water 4.11 

99.16 

Total flaxes 8.60 

Specific grarlty 2.87 
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The rational 9iialysi8 of the clay gave : 

Clay sabstance 81.20 

Quarts.. 68.00 

Feldspar 10.80 

100.00 

(No. 119). 
FIRE CLAY, 

FEOM NEAR FORT PAYNE^ DEKALB COUNTY. 

Major F. Y. Anderson has madfe several openings to 
the west of the Alabama Great Southern Railroad at 
several points between Vafley Head and Fort Payne. 

The clay found in these pits is in appearance not 
unlike that which is found in the mines of Montague 
and Griffin to the northward. The different grades 
are recognized^ 

The second grade, as it is called, No. 119, is a 
somewhat soft, gritty, lean clay, of a yellowish color, 
due to the numerous stains of iron oxide, and when 
thrown into the water slakes slowly to a powder. 

Forty per cent, of water gave a lean mass, and the 
air shrinkage of the bricklet made from this was 8 per 
cent. Incipient fusion occurs at 2300*' F., the total 
shrinkage at this point being 14 per cent., and the 
bricklet is yellowish white. When heated to cone 27 
in the Deville furnace the clay showed vitrification. 
While it is fairly refractory in its nature, at the same 
time, owing to the yellowish tint developed in burn- 
ing, it would not, in its natural condition, do for the 
manufacture of white ware. It is possible, however, 
that washing might eliminate some of the undesirable 
impurities. 

The chemical composition ^s as follows: 
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Analyaig of Fire Clay, near Fort Payne, DeKalb Co. (No, 110). 

Silica. ' 66.26 

Alumina 22.90 

Ferric oxide ' 1.60 

Lime trace 

Magnesia trace 

Alkalies 76 

Ignition i 0.06 

100.66 

Total fluxes 2.36 

Specific gravity 2.28 



The rational analysis yielded : 



Clay substance 40.70 

Quartz 47.90 

Feldspar • 11.20 



99.80 

(No. 112). 
FIRE CLAY, 

FROM BIBBVILLE, BIBB COUNTY. 

This is one of the clays used by the fire brick works 
at Bessemer, near Birmingham. For use it is mixed 
with several other clays. 

The material itself, however, is a very sandy clay, 
with much coarse grit and appreciable quantity of 
mica. It is also abundantly stained with limonite in 
places. When thrown into water it slakes f airlyrfast 
and falls to powder. It is quite a plastic clay, but in 
working it up into a plastic mass it took only 22.6 per 
cent, of water. 

The air shrinkage amounts to'6i per cent. At 
about 2200 ** F. the clay burns creamy white, and 
shows a total linear shrinkage of 9 per cent. While 
at about 2300** F. incipient fusion is reached, with the 
shrinkage the same, and the color buff. VitrificatioD 
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was not attained until the clay was heated to cone 27 
in the Devilie furnace, and even at this temperature 
the clay cone remained still perfectly sharp. 

The tensile strength is moderate, ranging from 75 
to 110 pounds per square inch, with an average of 102 
pounds per square inch. 

The analysis of this fire clay is : 

Analysis of Fire Clay, Bibbville, Bibb Co. (No, 112). 

Silica 74.25 

Alumina 17.25 

Ferric oxide 1.19 

Lime 40 

Magnesia tr. 

Alkalies ♦ 52 

Ignition 6.30 

99.39 

Total fluxes 2.11 

Specific gravity ^ 2.44 



(No. 111). 

FIRE CLAY, 

ELGIN PROPERTY, NEAR WOODSTOCK. BIBB COUNTY. 

A sandy, micaceous clay, of yellowish color, whfch 
breaks up slowly, but completely, when immersed in 
W8ter. This needed 23 per cent, of water to work it 
up^ and gave a moderately plastic mass. The air 
shrinkage amounted' to 7 per cent. In burning the 
bricklets incipient fusion occurred at 2150'' F., with a 
total shrinkage of 14 per cent, and the color of the 
clay light buflf. At about 2300° F. the shrinkage was 
16 per cent., and the color ye'low. Vitrification took 
place at 2350"* F., and at this point the shrinkage had 
incresaed to 18 per cent., while the color had 
changed to grayish. Fusion took place at 2900' F. 
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The tensile strength is moderate, and varied from 100 
to 110 pounds per square inch. 
The ultimate composition is : 

Analysis of Fire Clay, Woodstock, Bibb Co. (No. 111). 

Silica 65.82 

Alumina 24.58 

Ferric oxide • • 1-25 

Lime — ' — 

Magnesia tr. 

Alkalies .60 

Ignition 8.165 

100.415 

Total fluxes 1.85 

Specific gravity 2.40 

• 

The rational analysis orave : 

Clay substance 62.90 

Q^aT'} ^ 

99.90 



(No. B). 

FIKE CLAY, 
AUXFORDS, NEAR HULL'S STATION, TUSCALOOSA 00. 

This is a sandy micaceous gray clay, with a slightly 
reddish tinge, which crumbles to pieces very quickly 
when immersed in water. When worked up it gives 
quite a plastic mass, and requires 33 per cent, of 
water to accomplish it. 

The air shrinkage is from 9 to 10 per cent., and at 
2000** F. the total shrinkage was only 12 per cent. At 
this latter temperature the bricklet was hard, grayish 
red in color, but still somewhat absorbent, while at 
about 2200** F. vitrification occurred, with a total 
shrinkage of 14 per cent. The viscosity occurred at 
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2500** F. The average tensile strength of the bricklet 
was 155 pounds per square inch, with a minimum of 
140 pounds and a maximum of 168 pounds, which is 
very good. 

The composition of the clay is as follows: 

AnalpsU of Fire. Clay, HulV8 Station, Tuscaloosa Co. (No. B.) 

Silica 61.26 

Alumina 26.60 

Ferric oxide 2.10 

Lime 25 

Magnesia 82 

Alkalies 1.36 

Ignition 8.10 

90.47 
Total fluxes 4.62 



(No. 118). 

FIRE CLAY, 

J. C. BEAN, TUSCALOOSA COUNTY. 

It is a fine grained clay, with very little grit, and of 
homogeneous structure. When immersed in watter it 
slakes wilih extreme slowness. The addition of 36 
per cent. # water to the clay gives a very plastic mass 
and the brlcklets made from this had an air shrinkage 
. of 12 per cent. 

When burned to 2200** F. the total shrinkage 
amounted to 18 per cent., the bricklet was grayish red 
in color, and very dense, incipient fusion having 
occurred. When heated to cone 27 in the Deville 
furnace it only vitrified. 

The burning dense of this clay at such a teu-Pera- 
ture. and the great difference in temperature between 
the points of incipient sintering and vitrification are 
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worthy of notice, and show it to possess character 
closely resembling those of many glass pot clays. 
The composition of this clay is as follows : 

Analysis of Fire Clay, Tuscaloosa Co, (No. 118). 

Silica 58.13 

Alumina 24.68 

Ferric oxide 3.85 

Lime 15 

Magnesia 32 

Alkalies 1.78 

Ignition 11.78 

100.51 
Total fluxes 5.92 

The rational composition is: 

Clay substance 60.86 

Quartz 23.35 

Feldspar 15.80 



100.00 



Glass pot clays vary in chemical composition, and 
it is really the physical behavior of the material 
which it is of importance to know. At the same time 
the analyses of several other glass pot clays are given 
below for comparison. 

Analysis of Glass Pot Clays ' > 

No. 1. 

Silica 64.89 

Alumina 24.08 

Ferric oxide ^ 29 

Lime . . ; : 41 

Magnesia 19 

Potash 87 

Soda 16 

Ignition 9.20 
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No. 2. 

Silica 65.61 

Alumina 27.36 

Ferric oxide 2.78 

Lime 87 

Magnesia 07 

Alkalies 71 

Titanic oxide 1.36 

Sulphuric acid* .51 

Moisture 2.26 

Ignition 11.13 

^Sulphur 25 

No 1 is from Layton Station, Pa. (18)7 Report Pennsylvania Stat^ College, p. 90, 
T.C.Hopkins). 

No. 2, St. Loai«, Mo., Washed pot day (Miwiurl Geological Survey Report, Vo\ 
XI. p. 668.) 

(No. 1). 

FIRE CLAY, 
PEAROE'S MILLS, MARION COUNTY. 

This clay forms a bed from four to six feet thick in 
the ravine to the east of the mill. . It is a hard rock- 
like material, and wten mined has more the appear- 
ance of a white argillaceous sandstone than a clay. 
It is very hard, and when thrown into water practi- 
cally does not slake at all, but it is very porous. 
•When ground to 30 mesh and mixed with water it is 
very lean, but grinding it to 80 mesh increases the 
plasticity. In this latter condition it required 37 per 
cent, of water to work it up. The air shrinkage was 
4 per cent., whereas when burned to 2100** F. it was 5 
per cent., and at 2200° F. the total shrinkage was 7i 
per cent., the color of the bricklet being still white 
like the original clay, but the porosity great. At 
about 2300" F. the bricklet developed a slightly gray- 
ish tint, and at 2400° the color was the same, but the 
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total sl]^inkr.Ke 10 per cent. Incipient fusion did not 
occur until heated to cone 27 in the Deville furnace. 
This is a very refractory clay, and one that has a 
comparatively low shrinkage, due to the large 
amount of silica in its composition. 

Vitrification occurs at cone 30 and viscosity at 
cone 33 in the Deville furnace. 

The composition of this clay is : 

Analysis of Fire Clay, Pearce'a Mill, Marion Co, (No, 1). 

Silica 52.95 

Alumina 35.10 

Ferric oxide .* 80 

Lime , tp. 

Magnesia tP. 

Alkalies 93 

Ignition li;40 

101.18 
Total fluxes ^ . . . . 1.78 

No, 2). 
FIEE CLAY, 

PEAROE'S MILLS. MARION COUNTY. 

This sample is from a second opening which closely 
adjoins Pearce's Store, and like the other occurrence 
in this vicinity, it is very gritty, being even more so 
than the first, and while the material is very porous, 
at the same time it slakes very slowly, falling finally 
to a powdery mass. The fracture of the dry material 
is hard and angular, the air shrinkage is very low, 
amounting to only 2 per cent, in the case of sample 
which had passed through a 30-mesh sieve. 

At 2350° F. the shrinkage is only 6 per cent., and 
the bricklet was creamy white in color, but still very 
absorbent. In the Deville furnace incipient fusion 
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occurs at cone 27; vitrification at cone 32 arid viscos- 
ity at cone 34. 

The tensile strength is very low, ^ranging from 5 
to 10 pounds. 

The very refractory character of this clay is evi- 
dent, but its leanness would no doubt necessitate its 
being mixed with a more plastic clay before it could 
be used. 

(No. 57 S.) 

FIRE CLAY, 

J. W. WILLIAMS, PEGRAM, COLBERT COUNTY. 

A black gritty clay, which slakes easily, considera- 
ble organic matter present, but no pyrite or mica no- 
ticeable. 

It required 28.6 ]jer cent, of water to make a 
workable mass, which, to the feel, was lean and 
gritty. Bricklets made of this shrank 10 per cent, in 
drying and 3 per cent, in burning, giving a total 
shrinkage of 13 per cent. 

The average tensile strength of the air-dried 
briquettes was 46 pounds per square inch. 

Incipient fusion occurs at 2150** F., vitrification at 
2350'' F., and viscosity at 2500" F. 

The clay burns to a white body, slightly tinged 
with yellow. 

The following is its chemical composition : 

Analysis of Fire Clay, J. W, Williams, Pegram, Colbert Co. {No. 57, B.) 

Moisture 1.70 

Silica (total) 80.55,. free sand 70.10 

Alumina 10.50 

Ferric oxide 153 

Lime 34 

Magnesia traces 

Water and organic matter 5.85 

100.47 
Total fluxes 1.87 



FIRE CLAYS. 159 

(No. C. S.) 
FLINT CLAY, 
CHOCTAW cduiq^tY. " 

A hard, fine grained, siliceous clay, i*6semblin^ fliijt 
clay in api)earance, but containing mor<E> silica than 
such material usually ^contains. It presents a 
smooth surface, with conchoidal fracture, and in wa- 
ter practically does not sl^ke at all. 

When ground to pass through a 30-mesh sieve it re- 
quired 15 per cent, of water to make a workable paste 
and was very lean and granular. The tensile 
strength was, on the average, 5 pounds per square 
inch. 

The shrinkage in drying was 2 per cent., and at 
2300'' F. 6 per cent. Incipient fusion occurs at 2300"* 
F., vitrification at 2500° F. and viscosity at 2650' F. 

On anccoimt of its refractory qualities, and loii* 
shrinkage, this fiinty clay is admirably adapted for 
admixture with plastic fire clays to serve as grog and 
prevent undesirable shrinkage. The following two 
analyses, No. 1, by W. B. Philips, and No. 2, by H. 
Eies, give the composition of this material : 

Analysis of Fire Clay, Choctaw Co. (No. C. 8.) 

(1) (2) 

Silica (total) 86.30 85.70 

Alumina 5.12 6.15 

Ferric oxide l.«0 1.80 

time 46 tr. 

Water 6.60 7.00 

100.08 100.65 

Total fluxes 2.06 1.80 

Specify gravity 1.70 

*Thls is a Radiolarion clay, abundant In the Buhrstone division of the 
Tertiary formation in many localities in Choctaw, Washington, Clarke, 
Monroe and Conecuh counties. E. A. S. 
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POTTERY OR STONEWARE CLAYS. 

Many clays which are too impure to be used as fire 
clays are often admirably adapted for pottery pur- 
poses. In fact stone ware clays are often somewhat 
intermediate in their nature between fire clays and 
pipe clays, that is to say they are too impure for the 
one purpose and too good for the other. 

In the manufacture of stoneware, it is highly es- 
sential that the clay should burn to a dense imper- 
vious body without requiring too high a temperature 
to accomplish this, and furthermore if the ware is to 
be unglazed or is to be coated with a transparent 
glaze it is important that -the clay should bum to a 
good uniform color. In order to obtain the desired 
result it is not uncommonly the rule to use a mixture 
of two or more clays for this purpose. 

A stoneware clay should be smooth, and free from 
coarse grit, otherwise it may be necessary to wash the 
material, and thus increase the cost of manufacture. 
The clay, in addition, should be highly plastic in or- 
der to permit its being easily moulded without crack- 
ing, and the tensile strength should be not less than 
150 pounds per square inch. As the ware is to be 
burned to a vitrified body, it is also desirable thait 
there should be a difference of ] 6 )"* to 250* P. between 
the point of vitrification and viscosity. (Earthen- 
ware clays are not vitrified. ) Excessive plasitcity is un- 
desirable as it necessitates very slow drying and burn- 
ing of the ware and consequently increases the cost 
of manufacture; while on the other hand low shrink- , 
age diminishes the loss from cracking or warping. 

Iron is a desirable ingredient not only as it tends to 
give the body a good red color, buit in addition serves 
as a flax. Lime if present as a silicate may forma 
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desirable flux, but carbonate of lime especially if in 
greater quantities than two or three per cent is 
objectionable, and sulphate of lime is likewise not 
desired as owing to its disassoc'ation at high temper- 
atures blisters may be formed. 

A clay vitrifying at a low temperature is more 
desirable as it requires fuel to bum It 

The pottery clays reported on are all from the 
Tuscaloosa formation of the Lower Cretaceous except 
No. 204 from Blount county, and No. 192 from near 
Rock Run, both of which come from the Paleozoie 
limestone formations. 

(No. 204.) 
STONEWARE CLAY 

FROM F. S. WHITE, BLOUNT CO. 

A yery fine grained sedimentary clay of grayish white 
color with occasional spots of yellow. 

It slakes easily when thrown into water and works up 
to a very plastic mass with 28 per cent, of water. The 
bncklets made from this had an air shrinkage of 5 per 
cent. 

Then burned at 2200° F. it is nearly dense, cream gray 
in color and showed a total shrinkage of 1 7 per cent. 

At 2350° F. was vitrified and showed very light gray 
color and a total shrinkage of 20 per cent. 

It fused at the time at cone 27 in the Deville furnace. 

The tensile strength of the air dried briquettes was low, 
ranging from 45 pounds per square inch to 55 pounds 
per square inch. 

The analysis of the clay yielded : 
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Analysis of Stoneware Clay, Blount Co, {No. 204). 

Silica 61.60 

Alumina 26.20 

Ferric oxide 2.10 

Lime 0.60 

Magnesia 0.48 

Alkalies 0.70 

Ignition 7.29 

98.72 
Total fluxes 8.73 

While this clay is not highly refractory, at the same 
time it has about the right refractoriness to be used in the 
manufacture of stoneware, and owing to the dense body 
to which it burns, is exeellently adapted probably to mix 
with more opened grained clays, which require a good 
binding material. 

(No. 192.) 

POTTERY CLAY 

FROM C. 0, DAVENPORT, ROOK RUN, CHEROKEE 00^ 

A green clay, of extreme fineness of grain, great density 
and breaking with a conschiodal fracture. In water it 
slackens rapidly to a flocculent mass. 

It took 30 per cent of water to work it up and it yielded' 
a lean aud somewhat granular mass, which had an air 
skrinkage of 9 per cent. 

The bricklets made from this clay burn to a greenish 
brown color, and vitrify easily at about 2000° F. 

At about 1800° F. incipient fusion occurs, with total 
shrinkage of 18 per cent., and color brown. The clay 
fuses to a glassy mass at about 2150° F. 

The average tensile strength of the air dried briquettes 
was 62 pounds per square inch, with a maximum of TO' 
poundis. 

The analysis of the clay shows as follows : 



\ 
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Analyaia of Pottery Clay, Boch Bun, Cherokee Co, {No, 192). 

SlUca 57.00^ 

Alumina 17.80 

Ferric oxide 5.60 

Lime 2.10 

Magnesia 1.20 

Alkalies COO 

Ignition 9.45 

99.15 
Total , 14.90 

The high percentage of fluxes accouats for its easy 
fusibility, and the best use for this material would per- 
haps be as a natural glaze. It is exceedingly fine grained. 
When a slip is made of it and No. 205 (clay from near 
Kymulga) dipped into it, at cone 3-4 it yielded a trans- 
parent glaze. 

' CHALK BLUFF, ELMORE COUNTY. 

At this locality there is a high bluff of clay and sand. 
The section involves approximately : 

Section at Chalk Bluff, Elmore Co. 

Sand 6 feet 

Yellow clay , 4 feet 

Dark sandy clay 12 feet 

Plastic clay 10 feet 

Both the dark sandy, and lower plastic clay were tested 
and yielded very promising results. The lower bed yields 
a stoneware clay, and the upper a brick clay. (See Noe. 
101 and 122.) 

(No. 101.) 
STONEWARE CLAY. 

CHALK BLUFF, ELMORE CO. 
This is a reddish gray fine grained clay, containing 
much fine mica and also an abundance ai organic matter. 
In water it slakes very slowly. The addition of 38 per 
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cent, of water to the air dried clay gives a fairly elastic 
mass, and bricklets made from this have an air shrinkage 
of 6 per cent. At 2U>0'' F. the total shrinkage is 11 per 
cent., and the color of the burned clay is somewhat red- 
dish. Incipient fusion occurs at this temperature, while 
vitrification takes place at 2200^ F. with a total shrink- 
age of 13 per cent., the color of the clay when burned to 
this point being a dull red. Viscosity took place at 
2600°, so that the clay is not to be classed as a fire clay, 
it would probably work however for vitrified ware. The 
tensile strength is exceedingly high, and runs from 300 
to 384 pounds per square inch, and while there is con- 
siderable variation, at the same time even the lower figure 
is very great. 

The chemical composition is : 

Analysis of Stonetoare Clay, Chalk BlufT, Elmore Co. (No, 101). 

Silica 60.88 

Alumina 20.21 

Ferric oxide 6.16 

Lime 09 

Magnesia 720 

AlkalieB. 180 

Ignition 10.21 

99.570 
Total fluxes 8.77 

(Nos. 88 and 89.) 

POTTERY CLAY. 

MCLEAN'S, EDGEWOOD, ELMORE 00. 

Considerable clay is dug for pottery on the land of Mr. 
McLean, 4 miles from.Prattville, along the line of the C. 
M. R. R. This clay occurs in large pockets surrounded 
by sand, it is chiefly of two kinds, i. e., a smooth plastic 
clay and a sandy one. 

The former (No. 88) is very tough, and quite plastic. 
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In water it slakes in augular fragments, and when worked, 
requires 32 per cent, of water to develop its plasticity. 
The clay is rather fine grained, but with a conchidal 
fracture, and shows iron stains on its joint surfaces. 

The tensile strength does not appear in this case to 
stand in direct relation to the plasticity, for the maximum 
is only 56 pounds per square inch, and the average 49 
pounds. 

The clay burns to a buff color, and a dense body, and 
is quite refractory. 

The total shrinkage at 2350° F. is 18 per cent. At 
2700 it is 18.05 percent. 

In the Deville furnace, at cone 30, the clay vitrified 
and showed no evidence of becoming viscous. 

The second or sandy clay (No. 89) slakes very quickly. 
It gives a moderately plastic, but though not so tough a 
mass as the preceding. The tensile strength is however 
higher, being 74 pounds on the average, and 92 at the 
maximum. 

The air shrinkage is 8.75 per cent ; at 2200° F. the 
total shrinkage was 11 per cent.; at 2350° the total shrink- 
age was 12 per cent. 

The clay fuses at cone 30 in the Deville furnace. 

Associated with these stoneware clays is a bed of ochre 
which fuses easily to a brownish glass. Its composition 
Js: 

Analysis of Ochre, Edgetoood, Elmore Co, 

Silica 51.14 

Alumina 80.13 

Ferric oxide 8.35 

Lime '. tr. 

Magnesia tr. 

Alkalies tr. 

Ignition 10.15 

99.77 
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(No. P. S.) 
POTTERY CLAY (BLUISH.) 
FROM McLEAN POTIEEY, ELMORE 00. 

A compact bluish clay which slakes rather quickly in 
water. It shows little grit to the taste. It required 20 
per cent, of water to make a workable mass, which to the 
feel was smooth and plastic. This mud shrunk 6 per cent, 
in drying and an additional 6 per cent, in burning, giv- 
ing a total shrinkage of 1 2 per cent. The average tensile 
strength of the air dried briquettes was 55 pounds per 
square inch with a maximum of 66 pounds. Incipient 
fusion occurred at 1950° F., vitrification at 2150° P. and 
viscosity at 2400° F. 

The clay burns to a dense, smooth, bluish white body, 
and should make a good stoneware clay. In burning it 
had to be heated slowly. 

The analysis of it is as follows : 

Analyaie of Pottery Clay, McLean* a, Edgewood, Elmore Co. (No. P. 8.>) 

Silica (total) «2.60 

Alumina 26.98 

Water 8.60 

Ferric oxide 72 

Lime 40 

Magnesia 36 

Alkalies .65 

Moisture 70 

101.01 

Free silica 80.10 

Total fluxes 2.13 

Sepcifly gravity 2.37 

STONEWARE CLAY 
FROM NEAR COOSADA, ELMORE CO. 

This is a moderately fiae grained but somewhat gritty 
clay, which however is quite plastic, requiring 26.25 per 
cent, of water to develop its plasticity. 
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The tensile strength was on the average 154 pounds, 
with a maximum of 170 pounds. 

The air shrinkage amounted to 8.1 per cent.; at about 
2200° F. the total shrinkage was 14 per cent., the clay at 
this temperature having burned nearly dense, and the 
brick being a brown gray color; at about 2300° F. the 
total shrinkage was 15 per cent., the brick was very hard, 
homogeneous, dense, and still of a brownish gray color 
though somewhat darker; at 2500° F. the brick was thor- 
oughly vitrified, and showed a slight swelling, the shrink- 
age at this temperature being only 13.5 per cent, and the 
color remained unchanged except that it was slightly 
darker in shade. A test made of this clay in the Deville 
furnace showed that at cone 26 it had become viscous. 

The composition of the clay is as follows : 

Analysis of Stoneware Olay, Ooosada, Elmore Co. 

Silica «6.61 

Alumina 21.04 

Ferric oxide 2.88 

Lime 40 

Magnesia ' .58 

Alkalies 70 

Water 7.00 

99.21 
Total fluxes 4.46 

(No. 1 S.) 

POTTERY CLAY. 

H. H. CRIBBS, TUSCALOOSA, 

This is a whitish, fine grained clay with small amounts 
of grit, wWch slakes easily to small irregular graius and 
scales; it required 25 per cent, of water to mix it and 
gave a moderately plastic mass whose air shrinkage was 6 
per cent, and fire shrinkage 4 per cent., giving a total 
shrinkage of 10 per cent.; briquettes made of this paste 
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had, when air dried, a tensile strength of 68 pounds per 
square inch and a maximum tensile strength of 78 pounds 
per square inch. 

Incipient fusion occurs at 2000° F., vitrification at 
2200° F. and viscosity at 2400° F. 

The clay burns to a dense yellowish body ; the com- 
position of it is as follows : 

Analysis of Pottery Olay, JET. H. Oribhs, Tuscaloosa (No, 1, S.) 

Total silica 65.35 

Alumina 21.80 

Water 7.35 

Ferric oxide 2.72 

Lime 60 

Magnesia 86 

Alkalies tr. 

Moisture 1.44 

99.02 

Free silica (sand) 89.25 

Total fluxes ^'^^ 

Speciflc gravity 2.84 

Another analysis of this white clay from the Cribbs bed 
was made by Dr. Wm. B. Phillips and is as follows . 

Analysis of White Plastic Olay, Orihhs Place, Tuscaloosa, Ala, 

Silica 62.25 

Alumina 27.90 

Lime 2,36 

Ferric oxide 0.10 

Loss at red heat 10.00 

102.61 
Total fluxes 2.46 

If coarse grained this clay would probably work for a 
low grade of fire brick, as its fusibility would probably be 
less. It would probably work for potters clay, although 
it would no doubt be desirable to add a clay possessing 
greater plasticity and tensile strength to it. 

The comparative purposes there are given herewith the 
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tests of two Missouri clays quoted in Vol. XI of Missouri 
Geological Survey. The one has a much higher tensile 
strength however : 

Analyaea of Missouri Clays, 

1. 2. 

Silica 65.82 66.26 

Alamina* 22.68 20.32 

Water T.42 7.80 

Ferric oxide 1.81 2.80 

Lime 25 .68 

Magnesia 67 .48 

Alkalies 1,72 2.04 

Total fluxes 4.45 5.46 

Incip. fusion 2000* 200oT 

Vltrlflcation 2200*' 2200«P 

Viscosity 2400* 2400'P 

Average tensile str., lbs. per sq. in 87 122 

Maximum tensile strength 98 185 

No. 1 is from Waltman's, Barton Co., used for stoneware. 
No. 2 is from Lanigan shaft, Moberly, Randolph Co. 

In composition it also resembles somewhat two clays 
from Ohio.* 

Analysis of Oh4o Clays. 

1. 2. 

Combined silica 25.40 27.68 

Free silica 40.81 86.58 

Alumina' 21.18 22.95 

Water 6.29 6.74 

Ferric oxide 1.28 f.28 

Lime 51 .45 

Magnesia 18 .87 

Alkalies 1.80 1.96 

Moisture 1.65 2.05 

Total fluxes 4.77 5.86 

No. 1. Cooking ware clay, lAresville, Muskingum Co. 
No. 2. Stoneware clay, Akron, Summit Co. 

In all of these analyses it will be noticed that the per- 
centage of alkalies is higher, but the total fluxes are 
nearly the same, except in the last one. 

•O. Geol. Surv. VII, 1898. 
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In the case of the Ohio samples no physical tests have 
been made. 

(No. 115.) 

STONEWARE CLAY. 

J. 0. BEAN, TUSCALOOSA 00. 

This is from the property of J. C. Bean, near Tasca- 
looso, in S. 31, T, 20, R. 11. The bed of clay is 6 feet 
thick and overlain by 4 feet of white sand. 

It is a rather fine grained dense clay, which slakes very 
slowly. On mixing with 36 per cent, of water, it gave a 
very plastic mass, whose air shrinkage was 11 per cent., 
at 2200° F. the clay burned a pinkish brown and showed 
a total shrinkage of 16 per cent., while at 2250° F. it 
burned a grayish brown with a total shrinkage of 18 per 
cent. Incipient fusion occurs at 2100° F., vitrification at 
2300° F. and viscosity at cone 27 in the Deville furnace. 
Owing to the extreme plastice nature of the clay it was 
very hard to make briquettes which did not show evidence 
of flaws so that the tensile strength ranged from only 90 
to 100 pounds per square inch, which is probably low. 
Specific gravity 2.40. 

(No. 100.) 

POTTERY CLAY. 

J. 0. BEAN, TUCALOOSA CO. 

This is a rather fine grained clay, and at the same time 
a dense one. It contains an appreciable quantity of or- 
ganic matter which not only increases the plasticity but 
also necessitates slow drying and burning of the material. 
The addition of 31.5 per cent, of water to the clay con- 
verts it into a very plastic mass, whose shrinkage in air 
drying amounted to 9 per cent. In burning incipient 
fusion occurs at 2100° F., at which point the total shrink- 
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age was 14 per cent, and the bricklet buflF in color. At 
2200° P. the shrinkage was 16 per cent and the bricklet 
grayish buflF, while vitrification occurred at 2200° F. ac- 
companied by a total shrinkage of 17 per cent. Viscosity 
took place at 2500° F. The tensile strength was only 
moderate, being 84 to 85 pounds. 
The chemical composition is : 

Analysis of Pottery Clay, J. O. Bean, Tuscaloosa Co. (No, 100). 

silica 60.08 

Alumina 24.66 

Ferric oxide 8.69 

Lime 18 

Magnesia .380 

Alkalies tr. 

Ignition 11.842 

100.282 
Total fluxes 4.20 

(No. 32 S.) 
STONEWARE CLAY. 

ROBERTS' MILL, COAL FIRE CREEK, PICKENS CO. 

A gray, tough, rather fine grained clay, which in water 
slakes somewhat slowly to a mixture of grain 
one-sixteenth to one-thirty-second of an inch 
in size. Taste gritty. Patches of fine sand 
and ore scattered through the clay, and associated with 
them are a few small flakes of white iciica. 

The clay when ground to 30 mesh and mixed with 21,8 
per cent, water gave ar workable mass of quite plastic 
character, which shrunk 4 per cent in drying and 8 per 
cent in burning, making a total shrinkage of 12 per cent. 

Air dried briquettes of the clay had an average tensile 
strength of 117 pounds per square inch and a maximum 
strength of 142 pounds. 

Incipient fusion occurred at 2000° F.; vitrification at 
2200° F. and viscosity at 2400° F. 
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The clay burned to a stiflF buflf body, which deepens on 
hard firing. 

The composition is as follows : 

AnalyHa of Stoneware Clay, Boherta* Mill, Pickens Oo, (No. 32 S.) 

Silica (total).. 68.23 

Alumina 20.35 

Water 6.10 

Ferric oxide 3.20 

Lime .34 

Magnesia tr. 

Alkalies 74 

Moisture 1.06 

100.02 

Free silica (sand) 43.23 

Total fluxes 4.28 

Specific gravity 2.17 

This clay might also serve for stoneware. _ It burns to 
a buflf color. 

In general composition this clay resembles somewhat a 
stoneware clay used at ZanesvillS, Ohio*, which is given 
below. It will be noticed however that while the per 
centage of total fluxes is very close, the individal ones 
diflfer somewhat in amount from those in the Alabama 
clay. 

Analysis of Ohio OUiy. 

SUlca (combined) 25.40 

Alumina . . .• 21,13 

Water 6.29 

Ferric oxide 1.28 

Lime .51 

Magnesia 18 

Alkalies ' 1.80 

Moisture 1.65 



99.24 



Free silica (sand) 40.81 

Total fluxes 8.77 



♦Ohio Geo. Surv. VII, 193. 
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(No. 11 S.) 

POTTERY CLAY. 

CBIBBS PLACE, BEDFORD, LAMAR CO. 

A dcjk-colored, tough Dlue clay, containing much or- 
ganic matter. It is very dense, and slakes very slowly. 
No pyrite and few mica scales were noticeable. 

It reqt^ires 45 per cent, of water to make a workable 
mass, which was extrremely plastic and fat. This clay 
shrunk 12.5 per cent, in drying and an additional 6.5 per 
ceat. in burning giving a total shrinkage of 19 per cent., 
which is a large amoumt. The tensile strength of this 
air dried briquette should be great, but on account of 
the excessive plasticity it was found hard to mould bri- 
quettes which were free from flaws, so that most of them 
broke at about 100 pounds per square inch. Incipient 
fusion occurs at 1900"^ F. Vitrification at 2100* F. and 
viscosity at 2300® F. ^he clay burns to a deep red, 
dense body. 

The ioUowing is the composition of it. 

Analy8ia of Pottery Olay, Oribhs' Place, Lamar Co. (No. 11, B.) 

Total silica 60.9 

Alumina 18.98 

Water and organic matter 12.46 

Ferric oxide 7.68 

Lime trace 

Magnesia trace 

Alkalies trace 

Moisture 90 

100.92 

Free silica (sand) 87.92 

Total fluxes 7.68 

Specific gravity , 2.318 

The chief use of this clay wo^ild probably be as a bond 
for leaner clays, in the manufacture of courser grades of 
pottery, or perhaps sewer-pipe. 
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In burning it has to be heated very slowly to prevent 
cracking, and the same holds true of the drying. Its 
excessive plasticily is in part due to the contained organic 
matter. 

(No. 27 S.) 
STONEWARE CLAY, 

J. B. GREEN, FERNBANK, LAMAR CO, 

A dense, fine grained, compact, tough clay, that falls 
to pieces extremely slowly in water. No pyrite notice- 
able. Taste somewhat gritty. 

It required 32.6 percent, of water to make it work up, 
giving a plastic mass. The shrinkage in drying was 10 
per cent., and an additional 7 per cent, in burning, mak- 
ing a total shrinkage of 17 per cent. The tensile strength 
as determined by pulling apart air dried briquettes of the 
clay was on the average 152 pounds per square in^.h with 
a maximum of 185 pounds per square inch. 

Incipient fusion occurs at 1900® F., vitrification at 
2100"^ F., viscosity at 2300® F. 

The clay burns to a hard, impervious body, of a deep 
red color. There is considerable organic matter present 
in the clay, which adds somewhat to the plasticity. 

The analysis of the clay is as follows : 

Analysis- of Stoneware Clay, Femhank, Lamar Co, (No. 27 S.) 

Silica (total) 69.50 

Alumina 18.00 

Water and organic matter 6.70 

Ferric oxide 6.40 

Lime 25 

Magnesia tr. 

Alkalies tr. 

Moisture 8.40 

99.2^ 

Free silica (sand) 48.90 ' 

Total imparities i . . '6.05 

Specific gravity 2.305 
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V 

This clay would probably wojk very well for stone- 
ware. 

(No. 71S.) 

POTTERY CLAY. 

W. DOTY, PAYETTE CO. 

A fine grained, red clay, with little coarse grit, and 
very few mica scales. Slakes quickly to fine grains. It 
required 34.3 per cent of water to work it into a mass of 
good plasticily, the bricklets made from it shrinking 7 
per cent, in drying and an additional 6 per cent in burn- 
ing, giving a total shrinkage of 13 per cent. 

The tensile strength of the air dried briquettes, waa 
on the average; 116 pounds per square inch, with a max- 
imum of 155 pounds. 

Incipient fusion occurs at 2000® F., vitrication at 
2200® P., and viscosity at 2400®. 

It bums to a dense hard body of a nice deep red color,, 
which darkens as vitrification is approached. 

The composition of the clay is as follows: 

Analytis of Pottery day, W. Doty, Fayette Co. {No. 71, S.) 

Silica (total) 65.58 

Alumina 19.23 

Water 5.50 

Ferric oxide 4.48 

Lime tr. 

Magnesia tr. 

Moisture 1.40 

96.19 

Free silica (sand) ^45.86 

Total fluxes 4.48 

Specific gravity 2.42 
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(No. 70S.) 
POTTERY CLAY. 

W. DOTY, PAYETTE CO. 

A fine grained, rather gritty, reddish clay. In water 
it*8lakes quickly to small irregular grains. The addition 
of 25 per cent of water gave a plastic mass, which shrunk 
6.2 per cent, in drying and an additional 5.8 per cent, in 
burning, giving a total shrinkage of 12 per cent. 

Briquettes of the air dried clay had an average tensile 
strength of 95 pounds per square inch, and a maximum 
of 151 pounds. 

Incipient fusion occurred at 2000^ F., and viscosity at 
2400^ F. The clay bums to a yellowish color at 2000 '', 
but to a red at 2200®. The body of the burned clay is 
smooth and dense. 

The clay analyzed as follows: 

J.iicay«i« of Pottery Clay, W. Doty, Faette Co, (No. 70 S.) 

Silica (total) 67.10 

Alum.lna 19.37 

Water 6.08 

Ferric oxide 2.88 

Lime tr. 

Magnesia 726 

Alkalies 672 

Moisture ; 1.71 

98.537 

Free silica (sand) 48.93 

Total fluxes 4.27 

Specified gravity 2.416 

In compositon this clay resembles some-what a clay 
used for pottery and sewer pipe, and obtained at Gilker- 
son Ford, Henry Co., Mo.* 



*Mo. Oeol. Surrey XI, p. 828. 
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The composition of this clay is: 

Aualy9i8 of Clay, Hemry Co., Mo, 

Silica 67.49 

Alumina 21.11 

Water 5.96 

Ferric oxide 2.46 

Lime 17 

Magnesia , 68 

Alkalies 2.83 

100.63 

Total fluxes 6.08 

Specific gravity 2.28 

The shrinkage in both drying and burning is s'x per 
cent, and the tensile strength in 110 on the average, with 
a maximum of 127. Incipient fusion begins at 2000° F. 
complete vitrifi* ation at 2300°F., and viscosity at 2400° F. 

(No. 68 S.) 

POTTEKY CLAY (REFRACTORY). 

SHIRLEY S MILL, FAYETTE CO. 

A finegrained, compact clay, with lit'le coarse grit, but 
considerable fine sand. Color drab. It slakes very 
slowly to scaly grains. 

Three per cent, of water were required to make a work- 
able paste which was quite plastic. This paste shrunk 
10 per cent, in drying and 4 per cent, in burning, giving 
a total shrinkage of 14 per cent. 

The tensile strength of the air dried briquettes showed 
an average of 106 lbs. per square inch, and a maximum 
of 123 lbs. 

The clay burns to a yellowish white body. Incipient 
fusion.occurs at 2000° F., vitrification at 2200° F., and 
viscosity at 2400° F., The composition of the clay is as 
given below: 
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Analysis of Rg/r.ictory Pottery C/ay, Shirley's Mill^ Fayette Co., {No. 08 SJh 

Silica (total) 72.20 

Alumina 17.42 

Water and loss 7.40 

Ferric oxide 2.40 

Lime trace 

Magnesia trace 

Alkalies 56 

Moisture 12 

100.10 

Free silica (sand) 52.31 

Total fluxes 2.96 

Specific gravity 2.28 

This clay might work for an inferior grade of fire brick^ 
or also for pressed brick of a light color, or even for 
potter's clay. It resembles rather closely in composition 
a stoneware clay from Commerce, Scott Co., Missouri,* 
agreeing closely in every respect except the tensile 
strength. For sake of comparison the properties of the 
Commerce clay are given herewith: 

Analyaia .of Clay, Commerce, Mo. 

silica % -71.78 

Alumina 17.01 

Water 8.13 

Ferric oxide 2.01 

Lime 34 

Magnesia 43. 

Alkalies 78 

100.4a 

Total fluxes 8.56- 

Specified gravity 2.03 

Incipient fusion 2000"* F. 

Vitrificaton 2200** F. 

viscosity 2400* P. 

Average tensile strength 225 lbs. per sq. inch 

Maximum tensile strength 254 lbs. per sq. inch. 



*Mo. Gteol. Survey, XI, 350. 
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(No. 23 S.) 
STONEWARE CLAY. 

HEZEKIAH WIGGINS, FAYETTE CO. 

A light gray, hard, compact clay, of moderately silic- 
ioas character and containing a few scattered mica scales. 
It slakes very slowly to tough scaly flakee. 

In order to make a workable paste the clay requiied 
the addition of 84.3 per cent, of water. This paste was 
markedly plastic. Its shrinkage in drying was 14 per 
cent, and 8 per cent, in burning, giving a total shrink- 
age of 22 per cent. The tenacity of the air dried mass 
was on the agerage 232 lbs. per square inch with a 
maximum of 300 lbs. per square inch; which is exceeded 
by comparatively few clays. 

Incipient fusion occurs at 1900® P., vitrification at 2100** 
F., and viscosity at 2300® F. The clay burns to a dense 
red body, but requires slow drying and heating to avoid 
cracking. 

The composition of this clay is as follows: 

Analysis of Stoneware Clay, H, Wiggins, Fayette Co, (No. 28 S.) 

# I 

Silica (total) 63.27 

Alumina 19.68 

Water 6.06 

Ferric oxide 8.62 

Lime 1.80 

Magnesia tr. 

Alkalies 1.20 

Moisture 3.76 

M.77 

Fr^^e silica (sand) 39.59 

Total fluM 0.02 

Specifle gniTltj ••••••••• ••^••■•« •-•••••••••.•••• S.82 

The clay agrees in composition in a general way with 
some of the stoneware clays of Missouri and Ohio, and 
its shrinkage and tensile strength are similiar to a ston 
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ware clay from Harrison ville, Oass Co., Mo.,* but the lat- 
ter haying nearly S per cent, more fluxes fuses at a lower 
temperature. 

(No. 65a. S.) 

POTTERY CLAY. 

TEN MILES SOUTHEAST OP HAMILTON, MARION CO. 

A moderately gritly, medium grained clay with a few 
mica scales, it required 28.9 per cent, of water to make a 
workable mass, which is rather lean. The air shrinkage 
of bricklets made from this was 6.5 per cent, with an 
additional shrinkage of 5.5 per cent, in burning, making 
a total shrinkage 12 per cent. 

The average ten-ile strength of air dried briquettes 
was 58 lbs. per sq. inch with a maximum of 6.5 lbs. per 
square inch. 

Incipient fusion occurs at 1 950® F., vitrification at 2150 
F., and viscosity at 2350* F. 

It burns to a grayish buiff color. 

The chemical composition is as follows: 

Analysis of Pottery Ola/y, 10 miles southeast of Hamilton, Marion Co. 
(No. 65a, S.) 

Silica (total). ^ 70.00 

Alumina 21.31 

Water 6.36 

Ferric oxide 2.88 

Lime 20 

Magnesia tr. 

Alkalies tr. 

Moisture .50 

I 101iS4 

Free silica ( sand)* • • 45 80 

Total flmces 8.08 

Specific gravity 2.10 

*Mo. Geol. Surrey XI, p. 315. 



o 
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(No. 62 S.) 
POTTERY CLAY. 

THOMAS ROLLINS, FRANKLIN 00. 

A fine-grained tough clay, which slakts very slowly 
when thrown into water, but splits very easily along thin 
sandy layers which occur at intervals of about every 
half inch, a few mica scales are present, the addition of 
20 per cent, of water gave a workable and quiet plastic 
paste. 

The shrinkage of bricklets made from this paste was 
10 per cent, in drying, and 4 per cent, in burning, or a 
total of 1 4 per cent. 

The average tensile strength of air dried briquettes was 
102 Ibs.per square inch, with a maximum of 127 lbs. per 
square inch. 

Incipient fusion occurs at 1900® F., vitrification at 2100® 
F., and viscosity at 2300® F. The clay burns to a rtd- 
gray, but has to be heated very slowly, 

The composition of the clay is as follows: 

Analysis of Pottery Clay, Thomas BollinSy Franklin Co. {No. 62, 8.) 

Total silica 67.50 

Aumlna ." 19.84 

Water 6.15 

Ferric oxide 6.15 

Lime 12 

Magnesia .10 

Moisture 1.50 

Total 100.97 

Free silica (sand) • 43 46 

Total fluxes 5.90 

Specific gravity 2.36 

(No. 55 S.) 
POTTERY CLAY (REFRACTORY.) 

J. W. WILLIAMS, PEQRAM, COLBERT 00. 

A white clay of fine grain, which slakes easily in water. 
The addition of 26 per cent, of water gave a lean 
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workable mass which shrank 5 per cent, ia drying, and 
10 per cent, in burning, giving a total shrinkage of 15 
per cent. The average tensile strength of air dried 
briquettes per sq. inch is 30 lbs , and the maximum ten- 
sile strength per sq. inch is 35 lbs. 

Incipient fusion occurs at 2150 F., vitrificataon at 2300 
F., and viscosity at 2500 F.; the clay burns to a dense 
yellowish white body. 

Following is the compositioo of the c'ay: 

AnalyHa of Pottery Glay J, W. WilUatM, Pegram, Colbert Co. (No, 55 8.) 

Total silica 66.45 

Alumina 18.53 

Ferric oxide 2.40 

Water 8.68 

Lime 1.50 

Magnesia 1.25 

Alkalies tr. 

Moisture 78 

99.59 

Free silica (sand) 44.22 

Total fluxes 5.15 

Clay base 49.44 

Specific gravity 2.39 

This clay could probably be purified by washing, it 
cc'iresponds in general composition to a fire clay from 
Parker and Russel's Mine* near St. Louis Mo., but the 
latter on account of its greater coarseness, has a larger 
refractoriness. 

BRICK CLAYS. 

The term brick clays is a somewhat elastic one for it 
may include those used for the manufacture of common 
brick, front or pressed brick, and paving brick. As the 
requirements are somewhat dijBferent they can be men- 
tioned briefly and apart. 

Clays for common brick. For this purpose almost any 

♦Missouri Geol. Survey. Vol. X I, p. 570. 
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clay suffices, in fact so little attention is applied to 
material used for this purpose, that the product is often 
soft and porous. Clays*for common brick should not' be 
excessively sandy, otherwise the brick will be weak and 
porous. They should possess sufficient plasticity to mould 
without cracking, but not be so plastic as to warp, due 
to excessive shrinkage. Most brick clays burn red. Fer- 
ruginous clays can be more safely burned to a hard pro- 
duct than clacareous ones, which burn buff or cream 
colored. 

The methods used for moulding common brick are the 
4oft mud, by which the soft plastic mass is forced into the 
mould; and the stiff mud, in which the clay is forced from 
a die of rectangular cross section and then cut up into 
bricks. The latter method gives greater capacity, but 
the bricks unless thoroughly burned will not stand the 
weather as well. Very plastic clays and very lean 
ones are adapted to the stiff mud process, the former be- 
cause they are not tenacious enough, the latter because 
owing to their pastiness and the structure of the machine 
a laminated structure is developed in the brick. 

Brick clays should have a tensile strength not less than 
50 lbs. per square inch. They are not required to stand 
a high degree of heat, a few common brick kilns attain a 
temperature of over 1800 or 1900 degrees Fahr. 

The more rapidly the clay slakes the easier will it be 
to temper it. 

Clays for front or pressed brick. For this purpose a 
lighter grade of clay is required, and the material must 
not only burn to a hard body but also to a uniform 
color, for on the latter depends much of the beauty of the 
structure. In no branch of the clay working industry is 
the range of colors producible from natural clay mixtures 
more carefully considered than in the manufacture of 
pressed brick. 
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Mftny shades are obtained either by mixing two or more 
ckys, or by adding artificial coloring agents to the raw 
materials. 

Clays for front brick should shrink evenly in burning, 
and not warp nor crack. Straightness of outline and 
evenness of size are essential to close fitting when set in 
the wall. 

Many front brick are moulded by the dry-press process, 
in which the clay is forced into the mould in the form of a 
dry powder. Such bricks have straight edges and smooth 
surfaces, but unless burned good and hard they chip 
easily. At many localities the clay is moulded in soft mud 
or slifi" mud machines, and the brick, while still soft, re- 
pressed in a second machine whereby the surfaces are 
smoothed even and the edges straightened. These lat- 
ter brick do not tend to exhibit the same brittlenees along 
the edges as the dry press brick are apt to. 

Front brick sell from f 16.00 to $70.00 per 1000, de- 
pending on the color and shape. 

Clays for paving brick The nature of these must be 
such that they can be burned to vitrification. To do this 
economically and on a large scale the points of vitrifica- 
tion and viscosity should be at least 126° F. apart and. 
preferably 200° F. If they were not it would be impos- 
sible to bring a kiln full of bricks to vitrification without 
running them up to the temperature of viscosity. For 
this reason calcareous clays are not well adapted to pav- 
ing brick manufacture. 

Paving brick clays should possess moderate or good 
plasticity so that they can be moulded by the stiflF mud 
process, and while it is desirable that the tensile strength 
should be 76 pounds or more, at the same time many 
good paversaremade from mixtures whose tensile strength 
is not over 60 pounds per square inch. 

Shales are used to a large extent for the manufacture 
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of paving brick, partly because many of them contain 
about the right quantity and kmd of fluxing impurities, 
and also because, owing to the fineness of grain, they vit- 
trify more evenly and thoroughly. 

Paving brick are at times made from fireclay, and the 
results obtained are excellent, butstillshale is the favored 
mateiial. 

Except for comparing brick made from the same 
deposit, the color is absolutely no indication of the quality 
of a paving brick. 

The important properties which a paving brick should 
show are low absorption (under 2 per cent.) and resistance 
to abrasion. Crushing strength is of little importance 
provided it exceeds say 8,000 pounds per square inch. 



The brick clays described below come from several 
geological formations. The Graves' shales, Nos. 107 and 
108 ; the Ooaldaie shale aud the Pearce Mill shale, No. 3, 
are Carboniferous shales. The Dixie clay and No. 128 
and 129 of Mr. Stevens, are from the Poleozoic limestones, 
while the rest. No. 110 from Shirley's Mill, No. 122 from 
Chalk BluflF, Elmore Co.; No. 126 of Mr. Stevens, from 
Woodstock ; No. A, from Tuscaloosa Co., are from the 
Tuscaloosa formation of the Sower Cretaceous. 

(Nos. 107 and 108.) 
BRICK-SHALES. 

W. H. GRAVES, BIRMINGHAM, JEFFERSON CO. 

Associated with the coal on the property of Mr. W. H. 
Graves are two beds of shale, viz: a yellow, sandy shale, 
and a gray one containing much less grit. Both of these 
were tested physically and the results of these tests are 
given below. The yellow shale contains a high per cent- 
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age of ferric oxide and fuses very easily, while the gray 
shale contains several per cent, less, and is much better 
adapted to the manufacture of vitrified wares. The com- 
position and physical characters of the two are given side 
by side for the purposes of comparison. 

Light or gray aJialej No. 108, 

Plasticity, quite good. The shale takes 25 per cent, of 
water to work it up. 

Air shrinkage 2 per cent. 

Shrinkage at 2000° F., 9 per cent. Brick good red 
color not, very porous. 

Shrinkage at 2200 "^ F., 12 per cent. Brick reddish 
brown, and just about vitrified. 

Fusion a 2500° F. 

Tensile strength — average 105 pounds, minimum 85 
pounds per square inch. 

Da/rk w yellow ahalCj No. 107. 

Plasticity moderate; shale gritty, requires 20 per cent, 
of water to work it up. 

Air shrinkage IJ P^^ ^®'^*- 

Shrinkage at 2000® F., 5 per cent. Brick good red 
color. Somewhat porous. 

Shrinkage at 2150"^ F., 6J per cent, Brick nearly 
dense, reddish towards brown. 

At 2250* F., nearly vitrified. 

Fusion at 2500* F. 

Tensile strength only 40 pounds to square inch. 

AnalyaU of shales, Birmingham, Jefferson Co. (No, IffT and 108.; 

(108) (107) 

Silica 67.80 61.66 

Alumina 25.00 20.26 

Perplc oxide 4.00 7.2« 

Lime 2.10 tr. 

Magnesia SO .98$ 

Ignition 7.60 6.10 

Alkalies 180 2.26 

99.00 98.466 

Total fluxes 8.70 8.46 

Specific gravity . 2.12 2.28 
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The gray eha^e burrs to a denser, harder body than 
the yellow, and does not blister as easily in burning ow- 
ing to its lower per centage of iron. 

PAVING BRICKS SHALE, 

COALDALB, ALA. 

A yellowish red, soft shale, with considerable grit. No 
mica or pyrite noticeable. 

Ground to 30 mesh and mixed with 22 per cent, of 
water it gave a lean paste, which shrunk 4 per cent, in 
drying and 5.5 per cent, in burning, giving a total shrink- 
age of 9.5 per cent. 

The tensile strength of the air dried briquettes was on 
the average of 25 pounds per square inch with a maxi- 
mum of 35 pounds. 

Incipient fusion occurs at 1900® F., vitrification at 
2000° F., and viscosity at 2150"^ F. 

The shale burns to a red body and makes a good red 
brick. It is also used for paving brick. 

(No. 33.) 
RED SHALE, 

PEARCE's mills, MARION CO. 

There is an an extensive outcrop of partially weathered 
Carboniferous shale along the private road of Mr. Pearce 
just before reaching the milUs. It is a red, rather fine 
grained material, and contains a small amount of mica. 
Its soft character renders the mining of it an easy 
matter. When ground the shale gives a moljrately 
plastic mass whose plasticity could no doubt be in reased 
by weathering. Forty per cent, of watir were required to 
work it up, and the bricklets made from this material had 
an air shrinkage of 4 per cent. When burned to 2000 



o 
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F., the to*al sluinkage w^s 8 per cent, and the color of 
the bricklet was a rich led. At 2100® F., thd color of 
the bricklet was the same, and the -shrinkage was 9 per 
cent., incipient fusion haying occurred at this point. 
Vitiification occurs at 2200® F., and the color is deep red, 
while viscosity took place at about 2300® F. In drying 
the clay showed little evidence of containing any appre- 
ciable quantity of soluble salts that would tend to form 
any eflBiorescence, nor did any show themselves afetr 
burning. 

The comparatively small shrinkage and the rich red 
color to which the clay burns would make it ad- 
mirably adapted to the manufacture of pressed brick, but 
unless it was mixed with a more plastic clay it would 
hardly work for the production of terra cotta. 

The semi-weathered character of the material would 
also facilitate the preparation of it. 

(No. A.) 
PAVING BRICK CLAY, 

TEN MILE CUT, TUSCALOOSA CO. 

The sample of this clay was collected by the writer 
from what is known as the Ten Mile Cut on the M. & 0. 
R. R., west of Tuscaloosa. It is a somewhat gritty clay, 
which contains thin seams of sand. The general color of 
the clay is bluish-gray, but here and there it shows stains 
of limonite especially on the sandy fractures. Wh^n 
thrown into water it slakes and gives in working a some- 
vhat gritty, but quite plastic masa, which requires 26.00 
per cent, of water to work it up. 

The air shrinkage of the clay amounted to 8| per cent, 
while at 2200® F., it was only 10 per cent., and at 2300® 
F., 12 per cent., at which point incipient fusion occurred. 
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Vitrification took place at coa« 27 in the DeviUe fur- 
nace and fusion above cone 30. 

The tensile strength of the air dried briquettes varied 
from 126 to 144 pounds per square inch with an average 
of 140 pounds. The clay burns to a buff color, and is 
to be classed as a refractory one although it is not highly 
so. Its location is excellent for cheap working, and easy 
shipment of the product, and while it has been put under 
the head of paving brick clays there is no reason why it 
should not find uses in other directions as well. 

The chemical composition of this clay is as follows : 

AnalysU of Paving Brioh Clay, Tu§oaloosa Co, (No, A.) 

Silica 72.70 

Alumina 19.61 

Ferric oxide .934 

Alkalies 80 

Ignition ^ 6.50 

100.544 
Total fluxes , . . 1.734 

PRESSED BRICK (LAY, 

DIXIE POTTERY CO., OXFORD, CALHOUN CO. 

This is the clay used by the Dixie Tile and Pottery Co. 
For the manufacturer of buflF brick, the clay is quite plas- 
tic, and considering this fact it does not seem to require 
an extraordinary amount of water to work it up. The 
amount used being only 25.75 per cent. The average 
tensile strength is 130 pounds per square inch, with a 
maximum of 144 pounds.' In air drying the clay shrunk 
about 10 per cent ; at about 2200° F. incipient fusion be- 
gan, and up to this point the clay had burned a buflf color 
but then began to burn to a grayish tint; vitrification took 
place at 2400°, and the total shrinkage to this point was 
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18 per cent. Tbe clay fused or became viscous at 2600® 
F. The foUowiug is a composition of it : 

Andlu9i9 of Pr€99ed Btieh Oknf, Omford, OaXhoun Oo. 

Silica 71.80 

Alumina 17.16 

Ferric oxide 1.94 

Lime 60 

Magnesia .43 

Alkalies 95 

Igmitlon 7.60 

99.98 
Total fluxes 3.92 

This clay should make a good buff colored ware if 
burned at a comparatively low temperature, but if burned 
to vitrification the color would of course be much darker 
as indicated by the test, and owing to the high shrinkage 
in burning it would be necessary to conduct the latter 
slowly and with care to prevent cracking of the clay.* 

(No. 110.) 
PRESSED BRICK CLAY. 

SHIRLEY'ri MILL, FAYETTE CO. 

The clay from this locality is a very fine grained dense 
one, but at the same time breaks up very easily. 

It took 33 per cent, of water to work it up, and the air 
shrinkage of the bricklets was 6 per cent. 

Incipient fusion occurs at 2100° F. , 

Vitrification took place at 2200° F. and at this point, 
the bricklet showed a total shrinkage of 16 per cent., and 
a deep cream color. 

In the Deville furnace, at cone 27, the clay became 
viscous. 



^These bricks are well known In Alabama, and deserye to be eyen more 
generally usd than they are.. B. A S. • 



BRICK CLAYS. 191 

While this clay is not to be looked upon as a refractory 
one, it would seem that owing to the beautiful color, to 
which it burns, it would be highly desirable for the manu- 
facture of pressed brick. 

The composition of the clay is : 

Anal»9i9 of Presaed Brioh Ol&if, BMrley'a MiU, FayetU Co. (No. m.) 

silica 71.32 

Alumina 20.10 

Ferric oxide 1.05 

Lime ." ; tr. 

Magnesia 816 

Alkalies tr. 

Igmltion ^ 7.505 

100.291 

Total fluxes 1.866 

Specific gravity 1.90 



(No. 1-22.) 
BRICK CLAY. 

CHALK BLUFF, ELMORB CO. 

The upper half of the clay bed at this locality is com- 
posed of a dark, dense, grayish brown clay which contains 
a large amount of organic matter, either in a finely divided 
condition or in the form of leaves. Although not sandy, 
at the same time it is rather lean when mixed up with 
water, and owing to the presence of so much organic ma- 
terial absorbed 40 per cent, of water when it was being 
worked up to a plastic mass. The air shrinkage was 
however only 6 per cent. At 1900° F. it had reached a 
total of 14 per cent., but the bricklet was still very ab- 
sorbent ; at 2100° F. incipient fusion had been reached 
and the total shrinkage was 18.7 j)er cent., while the 
color was brownish red ; and at about 2200° F. the total 
shrinkage was 20 per cent, and the color brown, and this 
color had deepened considerably at 2250° F. with the ap- 
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appearance of vitrification ,while the maximum shrinkage 
amounted to 21 per cent. Viscosity was obtained in tiie 
Deville furnace at cone 27. 

This clay therefore bhows an appreciable and safe dis- 
tance between vitrification and viscosity. The tensile 
strength is however low, averaging 75 pounds per square 
inch, with a maximum of 97 pounds per hquaie inch, 
and a minimum of 68 pounds. Specific gravity, 2.41. 

(No. 26 A. Stevens.) 
BRICe CLAY. 

WOOKSTOCK, BIBB CO. 

This is quite a plastic clay, which requires 29 per 
cent, of water to produce its maximum plafcticity. The 
air shrinkage was 6 per cent., and the average tensile 
strength was 101 pounds per square inch, with the max - 
mum of 104 pounds. The fire test gave the foUowiLg 
results : 

At 2250° F., the shrinkage 10 per cent, clay incipiently 
fused, color buff. 

At 2400° F., shrinkage 11 percent., color a dark buff. 

At 2600° F., clay vitrified, color reddish. 

Viscosity occurs at cone 27 in the Deville furnace. 

The composition of the clay is : 

Analysis of Brick Olay, Woodstooh, Bibl> Oo, (No. m A. Stevens,) 

Silica 74.20 

Alumina 17.25 

Ferric oxide 1.22 

Lime 30 

Magnesia 40 

Alkalies tr. 

Ignition 7.35 

100.72 
Total flnxes 1.92 
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(No. 129, Stevens!) 
BRICK CLAY. 

BIRMINGHAM. 

This is a very dense hard clay, which required con- 
siderable grinding to break it up. The difierent lots were 
mixed up, and the one. A, being composed of two-fifths of 
the clay which was passed through 20 mesh sieve, and 
thee-fiftbs of particles greater than 20 mesh. 

The second lot, B, was made up entirely of that which 
had passed through the 20 mesh sieve. 

Both lots gave a rather lean mass, but A required 19 
per cent, of water and B 16 per cent, to work up. The 
average tensile strength of A is 12 pounds, and that of B 
35 pounds. The air shrinkage of both was 4 per cent. 

In burning to 2300° F. the shrinkage of A was. 3 per 
cent, the color of the bricklet a full yellow, and the body 
very absorbent. At 2400° F. incipient fusion occurred in 
both cases, and the color of the bricklet was a brownish 
gray, and the total shrinkage 10 per cent. 

At 2500° F. the clay was vitrified, of a dull brownish 
gray color, and showed a very homogeneous fracture. 

Viscosity occurred at 2700° F. 

The chemical composition of the clay is: 

Analysis of Brick Clay, Birmingham, (No, m Btevens,) 

Silica 67.30 

Alumina 16.10 

Ferric oxide 7.77 

Lime tr. 

Magnesia tr. 

Alkalies tr. 

Ignition 9.25 

Total fluxes 100.42 
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(No.' 128, Stevens.) 
BRICK CLAY. 

ARGO, JEFFERSON CO. 

This was a very plastic smooth clay, which took 22.20 
per cent, of water to work it up. The tensile strength 
varied from 120 to 136 pounds per square inch. The air 
shrinkage was 7 J jer cent. The behavior of the clay at 
other temperatures was as follows : 

At 2250° F. the shrinkage was 12 percent., color yel- 
lowish gray. 

At 2300° F. the shrinkage and the color the same, but 
incipient fusion had begun. 

At 2500° F. the clay was vitrified, and the total shrink- 
age was 14 per cent. In the Deville furnace, at cone 27, 
the clay became thoroughly viscous. 

It could not therefore be called a very refractory clay, 
but would work no doubt very well for pressed brick or 
for other purposes. 

The composition of the clay is as follows : 

Analysis of Brick Clay, Argo, Jefferson Oa, (No. 128 Stevens.) 

Silica 72.87 

Alumina 18.03 

Ferric oxide 2.00 

Lime 61 

Magnesia .42 

Alkalies 53 

Ignition 662 

101.08 
Total fluxes r 3.56 

MISCELLANEOUS CLAYS. 

These are all derived from the Tuscaloosa formation of 
the lower Cretaceous. 
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(No. H7 S.) 
CLAY FROM W. D. BAGWELL'S, 

SEVEN MILBS NORTH OF FAV£TTB COURT HOUSE, FAYETTE CO. 

A gritty clay, that slakes slowly but completely to fine 
grains. 

The clay required 28 per cent, of water to make a 
washable mass, which was slightly plastic and gritty. 
This paste shrunk 6 per cent, in drying and 3 per cent, in 
burning, giving a total shrinkage of 9 per cent. 

The average tensile strength of the air dried briquettes 
was 45 pounds per square inch, with a maximum of 53 
pounds. 

Incipient fusion occurred at 2100° F., vitrification at 
2250° F., and viscosity at 2409° F. 

The clay burns to a deep buff color. 

Its composition is as follows : 

Analysis of Clay from W. D. Bagwell, Fayette Co. (No. 67. 8,) 

Silica (total) ; 75.70 

Alumina 14.36 

Water 4.45 

Ferric oxide 4.64 

Lime tr. 

Magnesia tr. 

Moisture 1.24 

100.39 

Free Bilica (sand) 58.60 

Total fluxes 4.64 

Specific gravity 2.26 

, (No. 40 S.) 
CLAY FROM H PALMER, 

BEXAR, MARION CO. 

A gritty, fine grained clay, containing scales of mica, 
which slakes easily and quickly to irregular grains. 
It required 26 per cent of water to make a workable 
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paste, which to the feel was very slightly plastic and it 
tasted gritty. In shrinkage in drying was 6 per cent, and 
3 per cent, in burning, making a total shrinkage of 9 per 
cent. 

Air dried briquettes of the mud had an average tensile 
strength of 66 pounds per square inch, and a maximum 
tensile strength of 68 pounds per square inch. ^ 

Incipient fusion occurred at 2000° F.; vitrification at 
2160° F. and viscosity at 2300° F.; at 2000° F. it burns 
to a buflf, but on retrifying it becomes red in color. 

The composition of the clay is as follows : 

Analysis of Clay, H. Palmer, Bewar, Marion Co, (No. 40 S.) 

Silica (total) 71.33 

Alumina 21.88 

Water 5.54 

Ferric oxide 32 

Lime 234 

Magnesia .305 

Moisture : 105 

100.659 

Free silica (sand) 46.45 

Fluxes 859 

Specific gravity 2.306 



(No. 12.) 
CLAY FROM H. PALMER, 

BEXAR, MARION CO. 

A line grained clay, with sandy laminae and mica 
scales between the layers. It slakes slowly to fine particles 
and grains of sand. 

The clay required the addition of 31 percent, of water 
and gave a moderately plastic mass, that shrank 5 per 
cent, in drying and 3 per 'cent, in burning, making a 
total shrinkage of 8 per cent. The briquettes made from 
this paste had, when air dried, an average tensile strength 
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of 85 pounds p.r square inch, with a maximum of 89 
. pounds per square inch. 

Incipient fusion occurs at 1950° F., complete vitrifica- 
tioh at 2150° F., and viscosity at 2350° F. The clay 
bums to a yellowish red body. 

Its composition is as follows : 

Analysis of Olay, H, Palmer, Bewar, Marion Co. (Na 12) 

Total silica 69.98 

Alumina 20.16 

Water 5.90 

Ferric oxide 1.88 

Lime 42 

Magnesia tr. 

Alkalies tr. 

Moisture 1.20 

96.98 

Total fluxes 1.80 

Specific gravity 2.28 



(No 41 S.) 
MOTTLED CLAY. 

BEXAR, MARION CO. 

A very open grained, sandy clay, with scattered scales 
of mica and occasional iron stains. It slakes very ^ 
quickly to its component mineral grains. 

It required 39 per cent, of water to work it up. It is 
slightly plastic, and shrunk 6 per cent, in drying with 
an additional 11 per cent, in hurning, making a total 
shrinkage of 17 per cent. 

Air dried briquettes of the mud had an average ten- 
sile strength of 15 lbs. per square inch, and a maximum 
of 80 lbs. per square inch. 

Incipient fusion occurs of 2000® F., vitrification at 2150** 
F., aud viscosity at 2300. The clay bums to a red, but 
not very smooth body. 

The clay analyzed as follows: 
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JLnaiytiB of Mottled Clay, Bexar, Mairion Co, (No, 41 8,) 

Silica (total) 72.40 

Alumina 14.86 

Water 5.05 

Ferric oxide 7.64 

Lime .20 

- Kagnesia 40 

Moisture .65 

101.2U 

Free silica (sand) 55.20 

Fluxes 8.24 

Specific gravity 2.446 

(No. 18 8.) 
BLUE CLAY. 

THIRD CUT NEAR GLEN ALLEN, MARION CO. 

A very fine-grained soft clay with little grit, which 
slakes very readily on being thrown into water. 

It required 28 per cent, of water to make a workable 
mass which was slightly plastic. The shrinkage of this 
paste in drying was 8.3 per cent., and in burning 7 per 
cent, giving a total shrinkage of 15.3 per cent. The 
tensile strength of the air dried briquettes was 56 lbs. 
per square inch on the average, with a maximum of 65 
lbs. per square inch. 

Incipient fusion occurs at 1950" F., vitrification at 
2150" F., and viscosity at 2350" F. 

The clay burns to a light bluflF. 

The composition on analysis was found to be as follows: 

Analysis of Blue Clay, R. R, Cut, near Glen Allen, Marion Co. (No. 18 S.) 

Silica (total) 68.10 

Alumina 21.89 

Water 5.05 

Ferric oxide 2.01 

Lime 80 

Magnesia : 28 

Alkalies 40 

Moisture 70 

99.230 

Free silica (sand) 41.60 

Total 4.19 

Specific gravity 2.44 
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The fineness of grain is probably accountable for the 
low tensile strength and comparatively low temperature 
of vitrification and fusion. As far as the composition is 
concerned it is not unlike some of the potters clays used 
it the United States, but its low tensile strength would 
probably act against its utility for this purpose, unless 
mixed with a more plastic clay. For building materials 
it would no doubt work all right. Being of fine uniform 
grain permits the production of a very smooth surface on 
the ware. 



(No. X. S.) 
CLAY FROM W. J. BECKWITH'S. 

COLBERT CO. 

A moderately fine-grained, homogeneous, brittle, porous 
clay, with a semi-couchoidal fracture. In water it slakes 
slowly to particles mostly under one-sixteenth inch in size. 

When mixed with 28 per. cent, of water it gave a lean 
mass of somewhat gritty feel, which shrunk 5 per cent, 
in drying and 6 per cent, in burning, or a total shrink- 
age of 11 per cent. The clay had to be dried and burned 
slowly to prevent cracking. 

Air dried briquettes made of the mud had an average 
tensile strength of 22 lbs. per square inch, and a maxi- 
mum strength of 38 lbs. 

Incipient fusion occurs at 2050® F., vitrification at 
2250® F., and viscosity at 2450® F. 

The clay burns to a deep buff body, and requires canj- 
ful heating to avoid cracking. 

An analysis of the material gave the following results: 
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AntOyait of Clay, W. J. Beokwith, Colbert Co. (No. X S.) 

BlUca (total) .,.. 68.20 

Alumina 29.86 

Water 9.12 

Magnesia tr. 

Lime .20 

Ferric oxide 2.22 

Alkalies tr. 

Moisture 1.18 



100.78 



Free silica 22.59 

Total fluxes 2.44 

Speciflc gravity 2.18. 



THE UTILIZATION OF CLAY FOR PORTLAND 
CEMENT. 

Aside from being used for the manufacture of clay pro- 
ducts, there remains the possibility of using some of the 
Alabama clays for the manufacture of Portland cement. 
The three essential elements of this material are lime, 
silica and alumina. The first of these is supplied by 
limestone, marl or chalk, while the other two are contain- 
ed in clay. 

In the manufacture of Portland cement the two mate-' 
rials are ground and intimantely mixed after which they 
are burned to vitrification. During the burning certain 
compounds are formed, especially calcic aluminates and 
silicates, whose union with water and subesquent crystal- 
lization causes the cement to set. The mixture of clay 
and limestone is manipulated so that in the finished 
product, the per centage of lime shall be equal to 2.8 
times the silica plus 1.1 times the alumina and to main- 
tain this constancy requires that the composition of the 
materials used must be constantly watched. 

While it is possible to get a proper cement mixture 
from materials showing an appreciable range in composi- 
tion, at the same time care must be exercised. Highly 
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siliceous clays or limestones are undesirable, the materi- 
als used often contain ferric oxide, n^agnesia or alkalies. 

Their aflFect according to Shewberry is as follows: 
Ferric oxide combines with lime at a high heat and acts 
like alumina in promoting combinations of silica and 
lime. For practical purposes the presence of ferric oxide 
in a clay need not be considered in calculating the 
amount of lime required. 

Alkalies so far as indicated by the behavior of soda, 
are of no value in promoting the combination of silica » 
and lime, and probably play no part in the formation of 
cement. 

Magnesia though possessing marked hydraulic pro- 
perties when igniled alone, yields no hydraulic products 
when heated with clay, and probably plays no part in 
the formation of cement, and it is incapable of replacing 
lime in cement mixtures. 

Tl;ie following analyses taken from the 1897 Mineral 
Industry will ^ive an idea of the composition of clays 
used in portland cement, while following them are several 
Alabama occurence that could no doubt be used in ce- 
ment manufacture. 
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Paga. 

Absorption of clays 39 

Air shrinkage of days 23, 26, 28 

Alabama as a clay producing state 1 

Alabama clays, physical and chemical properties 114 

analyses of. 52, 201 



combined water of.. 

comx>ositlon of 

geological relations of.. 

moisture in 

plasticity, of 



24 

5 

8,69 

23 

26 

shrinkage of 23, 24, 27 

20 

202 

131 

109 

70 

66 

47 

16 

70 

70 

11 

115 

45 



silica in 

suitable for making Portland cement. 

Alabama Are elay 

" firebrick works 

*' Metamorphic rocks 

Alum in settling of kaolin ^. 

Alumina determination 

'* in excess in clays 

Archaean clays 

Algonkian clays 

Alkalies in clays 

" " ** (china and ball clays) 

** " " determination of 

Analyses of bauxite, Rock Run, Cherokee Co 143, 144, 145, 146 

Analyses of clays, ultimate 45, 54, 57 

** " " rational 49, 50, 57 

" ** " Alabamaclays 52 

•' " " " *• suitable for Portland cement 201 

Analyses of clays, Bagwell's, W. D., Payette Co 194 

" ** •• Beckwith's, W. J., Colbert Co 199 

** " •* blue, from near Glen Allen 197 

" '• " brick, Argo, Jeflferson Co 193 

** ** ** ** Birmingham, Jeflferson Co 193 

" ** *• •* Woodstock, Bibb Co 191 

" " " china. Anderson, F. Y., DeKalb Co 125 

•* •• " - Chalk Bluflf, Marion Co 126 

'* *• " " Eureka Mines, DeKalb Co ; 123,124 

" ** " " Frederick Briggs, Marion Co 128 

*• *• ** ** Hughes, J. R., Gadsden 120 

'* ** " '* near Kymulga, Talladega Co 122 

" *' '; '* Pearce's Mill, Marion Co 129 
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Pa«a. 

Analyses of clays, china, Pegram, Colbert Co 120, 130 

** " " Rock Run, Cherokee Co 118 

•* •* " Dr. Clingscale's 85 

" •* « flint, Choctaw Co 158 

*• ** " fire, ultimate and rational 54 

" " " *• Bean, J. a, Tuscaloosa Co 154 

" " " " Bibbville, Bibb Co 151 

•* " •* Hull's Station. Tuscaloosa Co 153 

*' •• " near Fort Payne DeKalb Co 150 

" " " '* near Valley Head, DeKalb Co 147,148 

" ** ** ** Oxanna, Calhoun Co 136 

" '* '* " Peacebupg, Calhoun Co 136 

" " " " Pearces Mill, Marion Co 156 

*' *• " ** Pegram. Colbert Co 157 

** " •* '* Rock Run Cherokee Co 137, 139, 140, 141 

" " *• " Woodstock, Bibb Co 152 

** ** ** foreign 201 

" *• *' glass-pot 154, 155 

Analyses of clays, Missouri 168,176, 177 

** *' " mottled , 197 

" " " Palmer, H., Marion Co 175, 196 

" " " paving brick, Tuscaloosa Co 188 

" •* •* X>orcelain, ultimate and rational 54 

" ** " pottery, J. C. Be/in, Tuscaloosa Co 170 

'* " " •* H. H. Cribbs, Tuscaloosa Co 167 

** *' ** Cribbs P ace, Lamar Co 172 

'• " " •* W. Doty, Fayette Co 174,175 

" " " *' McLean's, Elmore Co 165 

'* '* *• " Rock Run, Cherokee Co 162 

" " ** *• Thos. Rollins, Franklin Co 180 

•* " ** ** Pegram, Colbert Co 181 

" *' pressed brick, Oxford, Calhoun Co 189 

" " •* " " Shirley's Mill, Fayette Co.... 190 

•* * ** Tan-yard Spriog, Lauderdale Co Ill 

" " '* white earthenware 54 

a i. " white plastic, TuscalooBa 167 

*• " '* slip, ultimate and rational 54 

" ** stoneware, Blount Co 161 

** '* *• •' Chalk Bluflf, Elmore Co 163 

** " ** * Coosada, Elmore Co 166 

** * " *• Fernbaok, Lamar Co. 173 

" " *• " Robert's Mill, Pickens 171 

*' *' " " H. Wiggins, Fayette Co 178 

" " " refractory pottery, Shirley's Mill, Fayette Co 176 

»< •» " Ohio 168,171 

Analyses of kaolins, rational and ultimate S4 

»« »» " Randolph Co 71 

Analyses of shales, Jefferson Co 185 

Analysis of ochre, Elmore Co 164 

Anderson, F. Y., DeKalb Co., clays of 125, 149 
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Page. 

Ammonia in clays 11 

Appling's, Sam, well, clay in 102 

Arab, Marshall Co., clay and pottery 80 

ArcHaean and Algonkian clays 70 

Argo clay, Jeflferson Co 193 

Andtaugo County clays 88, 89 

" " " analysis of.. 201 

Auxlord fire clay, Tuscaloosa Co 152 

Bagwell, W. D., Fayette Co., clays of. .'... 194 

Ball cUys 116, 116, 117, 120 

Barite with clays, Calhoun Co 76 

Barkerviile, Dr Chas., quoted 46 

Barnes, Edmund, Lamar Co., clay , 101 

Bauxite analyses 143, 144, 146, 146 

Bauxite.banks, clay in 76, 136, 137, 138, 139,140, 141 

Bauxite in clays 4 

Bauxite, refrac ory *. 142 

Bauxitic clays 139, 141 

Bean's J. C, clay, Tuscaloosa Co 27, 28, 97 

•* " fire clay, Tuscaloosa Co 153 

'* " pottery clay, " ** 169 

" ** stoneware clay, Tuscaloosa Co 169 

Beckwith, W. J., Lauderdale Co., clay of Ill, 198 

" *• ''analyses of clay of 201 

Bedford clay, Lamar Co , analyses of 201 

Bedford, Lamar Co., potteries near 98, 172 

Belgreen and BurleEon, clays between 108 

Bessemer fire brick works 92, 160 

Bexar, Marion Co., clays near 106, 107, 194, 196 

Bibb County clays 76, 90, 160, 161, 191 

Bibbsville, Bibb Co., clay at 91, 92, 133, 134, 160 

Big Sandy Creek, Tuscaloosa Co., clay on. 94, 95 

Biuding power of clays, see tensile strength 

Biolitein clays : 43 

Birmingham clay 192 

" shales 184, 201 

Bishop, quoted 31 

Bitter taste of clays 21 

Black, J W., Fayette Co., quoted 103 

Black cores in bricks 16 

Bleaching of clays 17 

Blistering of clay ware 16 

Blount County clays 74, 160 

Blue clay, Marion Co 197 

Bluff and Brush creeks, Lauderdale Co. . clay between Ill 

Bogg' 8 pottery, Elmon Co 88 

Bohemian kaolin, analysis of 64 

Bonechiua of England 18 

Borings, clay in 99, 103 

Box spring, Tuscaloosa Co., clay of 93 
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Pace. 

Bndnard, A. R, quoted 123 

Brick olaya 72, 73, 76, 88, 92, 97, 181, 190, 191, 192, 193 

«• loams 112 

*' manufltotiire 90, 109, 150 

" 8hales 184, 186 

Bricks in U. S. in 1897, valuation of. 1 

** vitrified 80 

Brown, Wm., Lamar Oo., clay of 101 

Brash and Blnff creeks, Landerdale Oo., day between Ill 

Buff ware ^ 18 

Bohrstone flint clays 112, 158 

Building brick clays 72, 73 

" " loam 112 

Burned clays (grog) 27, 132 

Burleson, Franklin Co., clays near 108 

Calcareous clays 17, 183 

Calcite 16,42 

Calcium oxide determination 47 

Caldwell, Dr., quoted 72 

Calhoun County clays 75, 80, 134, 135, 188 

" " kaolin 74 

Cambrian days 73, 133 

Carbonate of lime in days 16, 17 

Caraonate of iron in clays 44 

Carboniferous plastic fire clays 131 

Centerville, clays near 90, 91 

Chalk 78,86,201 

Chalk Bluff, Elmore County 88, 89, 162, 184, 190 

" " Marion Co ^ 6, 25, 26, 52, 106, 117, 127 

Charleston limonite bank, "clay horse'* in 75 

Chaney's pottery, Franklin Co 108 

Chemical and physical properties of clays 114 

Chemical clay 58, 69 

*• effects of heating clays 38 

*' properties of clays 9 

Chemically combined water of clays 22, 24 

Cherokee County bauxites 142 

" " clays 76, 118, 136, 161 

Chert for glazing 79 

Chilton County clays 72 

*• " micaschists 70 

China ware clays 79, 110, 115, 116, 118 

*• *• kaolinite 71 

Choctaw County clays 26, 112, 131, 134, 168 

Claiborne formation flint days 112 

Clarke County flint clays 112, 131, 158 

Classification of clays 57 

Clay 3 

Clay, chemical 68, 69 
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Clay Oounty olaya - 72 

" " kaolinite veins 72 

" •* micascliiBtB... 70 

•* " mioa veins 72 

" *• pegmatite veins 72 

"Ohay horses" 74,76,76, 108 

Clay origin 3 

Clay produced in U. 8. in 1897, valoatlon of. 1 

Clay properties » 1, 3, 8, 114 

Clay prospecting 69 

Clay rocks (shales) 7 

•*Clay substance'* 9, 60 

CJays, classification of 67 

" composiiaon of... 9 

" distribution of. 8 

" mining of. ". 69,. 60 

" misceUa^eons 193 

" preparation ot 69 

'* fbr headstones of graves 107 

•* for P.ortland cem^t 201,202 

« ibr vitrified bricks iO 

" for whitewash 110 

Clays from feldspar rocks 6 

•• " gneisses 6, 16 

•* •« granites 6, 16 

" •' limestone 6, 73 

" " Paleo2soic shales 6 

CJays, geological structure and dktnbution of. 6 

" in sink holes, ponds, etc « 78 

" in veins.... 70 

Clays of Alabama, geolo^cal relations of. 69 

" *• :|^ssi^ipjd....'i;..i,.;. !.!... '.!..;..' 83 

«' ** Red MounW^^^ Wills* Valley, 77, 78, 78 

Clays, residual 6. 6 

" sedimentary 6, 7 

CUeburne County kaolinite veins 72 

•* " V^OA veins 72 

ii ** mica schists 7<0 

•* " pegmatic veins 72 

Cling8cale|B, Dr., j^ss., clays...... % 112 

Cjoaldale, Jefferson Co., paving and vitrified bricks 80, 186 

•* *'" •• ' shiaiw^..^./*!^^.^^^^ 184 

(Jjal lifeasijir^ dfkys i^m...... 80, isi 

Cl9ast^ PJjl^^ 9l??J^- 82. 8p, 91, 94, ^,06 

,<P9balt in ciays....... ....;.. 7... \.V. .* U6 

pplbert County days ^2, IpO, f|i0, 1^7, 180, 19|, 2|02 

Q^lQirburniDg clays..'. !...'...... !.V..!\..!......L...' ' ' 68 

^^loiingof clays by' ironi......... 13 

Color of clays"... ..v.... V.V.V.V....... If, |9 

^ombined"water..: :...::::... 2g, 45 
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Paw. 

OoBUDon brick clays 181 

. ^« " Id the U. S In 1897, valuation of. 1 

€SMii|p«aitton of clays, see analysis 

©bMMMittJhurcli, Fayette Co., clay near 103 

tDbnecnb tonnty flint days 12, 131, 168 

€6ae8'.4BW^g!erand thramer 32 

CMMMNoity^lltys,^ 72 

** *• m im mflfl HU 70 

Oocsada, ElmoTe Co., filays n^ar. 88, 185 

Ooosi Valley Region, fire day of ^ 133 

'0«Bk,^oted 25 

Cbtfaaiale, Ttiaoalooea Co., clays near 93, 94 

Diii»i?lwi'%atton, clays at 88 

Cnwdcifig of clays 27, 132 

Cramer pyramids (cones) 32 

Crawford, Knssell Co., clays 88 

Creta eons clays 6, 8, 81, 117, 131, 133, 160 

Cribbs, Colored, Capt., quoted 98 

Cribbs, Dan., pioneer in making Alabama clay ware 92 

Cribbs' Fleming W. Lamar Co., clay. 100 

" " " " " pottery. 92,100 

Cribbs, H. H., Tuscaloosa Co., clay 92, 93, 166,202 

'* " ** " " pottery 92,93 

Cribbs, Peter, Lamar Co., potteries ^ 92, 98, 99 

Cribbs' Place, Lamar Co., clay of. 172 

Crystalline rocks in Alabama 70 

DaveDX>ort, C. C, Cherokee County., clay from 161 

Davidson Bros. lottery ;.... 101 

Davidson's Store, clay at 107 

DeArmanville, Calhoun Co., daysof. 76 

Denman, Jas. Cleburne Co., clays of. ..- 72 

Dekalb County clays.... 77, 78, 79, 123, 123, 146, 148, 149 

Detroit P. 0., lotteries near 101 

Distribution of clays 6, 8 

Dixie Tile and Pottery Co., Oxford, clay of. 76, 184,188 

Dolomite 44 

Dolomite in clays 16, 19, 44 

Doty's, W., Fayette Co., clay 103, 174,175 

Drainpipe clays * 88 

Drain tile in U. S. in 1897, valuation of. 1 

Drying of washed kaolin ' ; 67 

Dry process of moulding bricks 183 

Dyke's bauxite bank, Cherokee Co., clays of. 136, 137, 138.139, 140, 141 

Dykes limonite bank, Cherokee Co., clays of. 76, 118, 136, 137, 138, 139, 140, 141 

Earthenware clay 122 

Eafltport, Colbert Co., fine silica white at 112 

Edgewood, Elmore Co.. days near ;.... 88, 163 

" " ** ochre near 164 

Efflorescence on clay wares 17 

Eldridge, clay near .;.... :......; 104 
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Page. 

Elgin property, Bibb Co., clays on 161 

Elmore County clays 88, 162, 163. 166, 190 

England bone china 18 

English and Mining Jonmal, quoted 31 

Ex>som salts in days -20 

Enreka Olay Mines, Dekalb Co., J22 

European clays, siliciain 20 

Pat clays 23,26,133 

Farrell's Mill, Macon Oo , clays near 88 

Payette County clays 82, 96, 101, 102, 103, 174, 175, 176. 178, 189, 194 

Fayette C. H., clays at and near 25.^.02,103 

Feldspar 70 

PeldsiMur clays 12 

" in clays !... 16, 18, 28 

" ** kaolin 116 

Feldspar of granite veins 71 

Feldspar veins, clays from 6 

Feldspathlc detritus 49 

Fernbank clays, Lamar Co....................... 22, 26, 52, 98, 173 

" pottery *' " '.". 98 

Ferric salts in clays 14, 39 

Ferrous oxide determination . . . 49 

" salts in clays 14, 40 

Firebrick 86, 87, 94, 132, 133 

" «* clays 78, 79, 80,86,91,117 

" ** manufacture 92, 109, 150 

Fire brick in D. S. in 1897, valuation of. 1 

Fireclays 92, 94, 97. 105, 110, 112, 130, 131, 132, 133 

Fire shrinkage in clays 26, 27, 28 

Flint ;.......... 41, 42 

Flint clays 3. 112 130, 131. 168 

Florida clays 6 

Flower vases, manufacture of..... 93 

Fluxes in clays 10 ,29 

Foreign clays for Portland cement 201 

Port Payne, Dekalb Co., clays near 80, 149 

Port Decatur, clays at old.. 88 

Prance, kaolin from , 64 

Frankfort, Colbert Co., clays near 110 

Franklin (Ohio) Company mines, Dekalb Co 78 

Franklin County clays 82,107, 180 

Friedrick, Briggs, Marion Co., clays of. 106, 127 

Free silica in clays 20 

Friendship Church, Lamar Co., days near .>. / 99 

Front brick days •...».... 182 

Fusibility in clays , ».. • 29,31 

Fusing point of Segeropnee................ ..••••• ••.••••. •••?• ^ 33 

Fusion of clays . 38 

Gadsden, clay near .• 74, 117, 119 

Oaltman, Marion Co., days near ...<..>.....>.;M...«...;i..< 101 
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G^amet in days 14- 

Qassett, M. B. Marion Oo., claysof. 10^ 

General diacassion of clays 3- 

Geological relations of clays 6^ 

Geological stmcture and distribution of clays .. 6 

Geological Survey of U. S., quoted.. 5S 

Germany clays 54 

'* kaolin 56, 56 

Gilley's branch, Franklin Co., clays of. * 108 

Girard, Russell Co.. clays near 87, 88 

Glazing clay 162 

Glass-pot day 97, 154 

Glen Allen, Marion Co., clays near 101, 104, 105, 197 

Granite veins in Alabama 70 

" " .claysftom 6 

Graphic granites (pegmatites) 70 

Graves, W. H., Birmingnam, shales of. 80,184 

Green's, J. B., Lamar Co., day 173 

•• *' " *• " pottery 98 

Greenwood Spring, Miss., clays near 100- 

Griffin's, H. H., Dekalb Co., day 123 

Grog .27,132,133,158. 

Guin, Majrion Co., clay neiar ^ 101, 104, 105- 

'Gypsum 18, 42 

in days 16, 18, 42^ 

Halloysite 61 

Hamilton, Marion Co., clays near 106, 179* 

Hickory toree limonite bank, Cherokee Co., clay in 76- 

Hilgard, Dr. Eugene W., quoted 83 

Hopkins, T. C, quoted. 156^ 

Hornblende in clays 14, 19^ 

"Horses," clay 74, 75, 76^ 

Hotop, E., quoted 64 

Hughes, J. R., Gadsden, clay of 119 

Hull's Station. Tuscaloosa Co., clay near. 94, 133, 152 

Hungarian porcelain, lime in 18: 

Hydraulic mining of kaolin 62 

Hygroscopic water (moisturej in clays 22 

Igneous rocks in Alabama 70* 

Impervious days 30 

Impurities in iRapUp 9 

Incftpi^t ftidon of .days. 29* 

Insoluble alkaiUne compounds Jxi clays 12 

Insoluble residue determination in ol«ys 48 

Iron in clays. I?,a8, 14, 48, 47, 51, 115. 116, 159- 

Iron in beds ,witib .d^ys, pnrifiiQftUon.oX 74 

Jacksonville, Calhoun €o., kaolin from 74 

Jetferson Oounigr days.. 192, 193 

* < *^ shale for brick «nd cement manufaotore. 184, 186^ 202; 

John's Mi|l, ToBoa3oosai3o., day aL. 9ft 
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Page. 

Jonee, LewiB J., clay in well of. 99 

Jags, manufacture of 93 

Jugtown, St. Clair Go., pottery and clay at 83 

Kaolin 3, 5, 9, 41, 66, 56, 82 86, 106, 116, 116 

•* drying 67 

'* impurities ; 9 

Xaolinite 3, 4, 9, 10, 40, 69, 70, 71, 123 

" composition 4, 10 

" from granite viens 71 

*• in clays 40 

" orgin '. 3 

** veins 72 

Kaolin mining. 61 

" presses 67 

** residual beds 74 

*• Vfins 7, 61 

" washiniDg .^ 62 

Kilgore's Mill, Dr., Franklin Co., clay near 108 

Kymulga, Talladega Co., clays near 74, 117,121 

Lafayette formation in Lamar Oo 98 

Lamar County clays 98, 172, 173, 202 

Lapsley, Judge J. W. , ( Vineton ) , Autauga Co. , clays near 80, 90 

Lauderdale County clays Ill 

Leaching of clays 74 

Leauc'ay 23 25 

LeChatelier's thermo-electric pyrometer 31 

Lignite in clays 22 

Lilly white, clay used for 86 

Lime determination , 47 

Lime in clays 16, 29, 61 159, 160 

" carbonate iu clays .17 

" silicate in clays , 17 

Limes. one 201 

" , clays from 73, 75 

Limonite banks with '*clay horses" 74, 76, 76 

Limy clays.. ..t 18 

Lindsay, Joe., quoted 102 

Little, Dr. G., quoted... 82, 83, 93, 96, 97, 98, 102, 104, 106, 106, 107, 108, 109, 111 

Lloyd's potteries. Marion Co 92, 101, 107 

Limonite 44 

Loess clays, silica in 20 

Loss in weight of clays after shrtnkfige has ceased 27 

Lonina, Randolph Co., kaolihlte 71 

Macon County diays -. 87 

Magnesia determination 46, 47 

** in clays 19 

MaUett, Dr. J. W., quoted 71 

Manufacture of fire Drick 92 

Mapleville, Bibb Co., clays near 90 

Marion Co. clays, 82, 104, 126, 127, 128, 166, 156, 179, 186, 194, 195, 196, 197, 202 
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Pace. 

Marion Oonnty shale 186 

Marl 16,201 

Marly days 18, 42 

Manryn, Rnssell Oo., days near 88 

McOaUey, Henry., qaoted 77, 83 111 

McDongalas' Mill, Miss., clay near 84 

McLean's, Elmore Co., clays and pottery 88, 163, 166 

Metamorphic rocks 70 

Metamorphism ...., 7 

Method of clay analyses 46 

Mica 43,70 

" in clays 12, 14, 26, 29, 43, 63 

" schists 70 

" veins 72 

Micaville, Randolph Co., clays near 72 

Milldale, potteries near 101 

Millport clay 98 

Milner, Randolph Co., clays near 72 

Mine, ochre, Elmore Oo : : -88 

Mineral Industry, qnoted 201 

Mineralogy of clays 40 

Mineral Paint and Tripoli Co., Florence 112 

Mines, clay .• 78, 79, 116, 146 

Mining of clays 69, 60 

*' " kaolin 61 

Miscellaneous clays 193 

Mississippi clays 83 

Mitchell's, J. J., Marion Co., clay 106, 126 

Missouri clays * 20, 62, 131, 166, 168 

** flint clays, silica in 20 

'* Geological Survey, quoted .....1, 166, 168, 176. 177, 179, 181 

Moisture determination 46^ 

Moisture in clays 22, 46 

Molding bricks, processes of. 182 

Molding sand, Marion Oo 106 

Monroe County clays 131, 168 

Montague Clay Mines,, DeKalb Oo 79, 133, 146 

Mottled clay, Bexar, Marion Oo. 196 

Muscavitein clays 43 

Natural glaze clay 162 

Nelson's, Mrs. Susan, Marion Co., day 106, 127 

New Jersey clays 20, 78, 131 

Nichol's, A. W., clay 98 

Non-volatile and non-fluxing constitutuents of clays 10 

North Carolina clays 2a 

" " Geological Survey, quoted 46.62. 

** *' kaolin 64 

«• " '* mining 61 

Ochre (red chaJkj 108, 164 

** mine, Elmore Oo 188. 
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Pag«. 

Odor of clays *. 11 

Ohio clays 108 

Ohio Geological Survey, quoted les, 171 

Oliver, 0. K., Tascaloosa Oo., pottery of. 92 

Orange Sand formation 84 

Organic matter determinatioii 45 

** •* in clays 14, 22, 28, 39, 40 

Origin of clay ; 3 

Ornamintal bricks in U. S. in 1897, valuation of. 1 

Oxanna, Calhoun Oo., clays ! 74, 133, 135 

Oxford, Calhoun Co., clays 76, 188 

Paint clay, Lauderdale Co 112 

Paleozoic clays 6, 160 

Palmer's, H., Marion Co., clays 107, 194, 195 

Pannel's place, Miss., clay on 84 

Paving brick days...... 137, 183 

** '* shales 185 

Peaceburg, Calhoun Co., clay from 74, 133. 134 

Pearce's Mill, Marion Co., clays 106, 107, 128, 133, 134, 156, 166 

Pearce's Mills, Marion Co., shale •...81, 106, 117, 184, 186, 201 

Peden, Aleck, Miss., clay oi 84 

Pegmatites (graphic granites) 70, 72 

Pegram, Colbert Co., c'ays near 40, 109. 110, 117, 129, 134, 157, 180 

Pennsylvania glass pot clay 155 

Phillips, W. B., quoted 106, 127, 167 

Phoenix City, Russell Co., clay near.. 87 

Pholerite 4 

Physicial properties of clays 24, 114 

Pickel, Dr., quoted Ill 

Pickens County clays 97, 170, 171 

Pikeville, Marion Co., clays near 106 

PinetucKy, Randolph Co., clays 72 

Pipeclays , 86, 88 

Pipe, sewer, in U. S. in 1897, valuation of 1 

Plastic clays 73, 76, 130, 131, 138 

Plastic ball clays of Florida 6 

Plasticity 4 

Plasticity in clays 23, 24, 25 

** * kaolin 116 

Plistocene clays 112 

Pond clay 73 

Porcelain clays ^. 11, 71, 72, 86 116 117 

Porcelain earth 86 

Porcelain ware from Alabama 72 

Potash determination 46 

" in clays 11 

Portland cement, clays for 199, 201 

•* " , materials for 199, 201, 202 

Potteries 80, 88, 92, 93, 98, 99, 100, 101, 107, 108 
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Pottery day... 73, 78 80, 93, 97, 129, 129, 169, 163, 166, 166, 169, 172. 174, 176, 176 

179 180 

I»ottery ware in U. S. in 1897, valuation of ' 1 

Pottery ware from Alabama 72 

Post Tertiary loams for building bricks 112 

3?owell'B, Reuben, clay 99 

l^orosity ofclay '. 39 

Prattville days 26,28,201 

Preparation of clays 69 

Pressed brick, clays for ! 88, 177, 182 188, 189 

Pressed brick, shale for 187 

Pressed bricks 86 

*• •• in U. S. in 1897, valuation of. 1 

Presses for washed kaolin 67 

Pressley's pottery, Elmore Go 88 

Preston's. W. D., pottery, Autauga Co 92 

Properties of clays 1, 3, 8, 114 

Prospecting for clays 59 

Puriflcation of clays in limonite banks 74 

Pyramids, Oramer and S^er 32 

Pyrite 44 

Pyriteindays .'. 14,44 

Pyrometer, thermo-electric 37 

Pyrometers 31 

Pyrometer, Soger 32 

Pyroxene in clays 19 

Quartz 41 

Quartz as a grog 132 

Quartz determination , 49 

Quartz in days 18, 21. 28, 41, 42 

Quartz in kaolin 116 

Queen ware clay 86 

Badiolarian clay 158 

Railroad cuts, clays sliding in 90, 94, 96 

Randolph, Bibb Co., clays near 90, 91 

Randolph Ooanty clays 72. 73 

** " kaolinite 71. 72 

** *; mica veins 72 

" .** micaschists '. 70 

*• ** pegmatite veins :... 72 

Rational analyses 66, 57 

" *• of clays 60, 54, 147, 149 160, 152, 164 

" ** ofkaoUn 64 

'' ,useeof , 66 

Red burning*clays 69 

Red clay, Lauderdale Co 112 

Red Mountain, Wills' Valley, clays 77. 78 

Red shale, Marion Oo 186 

Refractory articles 146 

" bauxite 142 

" clays 11, 94, 105, 116, 131, 133, 136, 166, 167, 176. 18^ 
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Page. 

Hefraotoriness in clays 61 

"•'Refractory quotient" 31 

Beeidnal clays 5, 6, 13, 69, 73, 74 

Bhea, Mrs. 0., Oolbert Co., clays from 110 

Hies, Dr. Heinrich. general discussion of clays by 3 

'* , '' <* , physical and chemical properties of clay by 14 

" , " •' , quoted 69, 70, 79, 81, 88, 89, 92, 93, 94, 97, 98, 99, 102, 103, 

104. 109, 110, 126 

Boberts' Mill, Pickens Co., clay near 97, 170 

Bobinson Springs, Ehnore Go., day near 88 

Bock Run, Oherokee Co., bauxite, refisKstory 142 

Bock Bun, Oherokee Co., clays near 74, 117, 118. 133. 136, 160 

'* " '* kaoHnnear. 28 

Bodentown, DeEalb Co., pottery and day near 80 

BolUn's, Thos., FrankUn Co.. clay 108, 109, 180 

Bussell Couuty clays 87 

Bnsselville, Franklin Oo.. days near 108 

Butile (titanic add) in clays, * 21 

Bye's pottery, Milldale (Detroit P. O.) 101 

St. Louis fire clays, silica in 20 

Sand determination « 49 

Band in clays 18, 20, 21 

Sand, molding, Marion Oo 105 

Saunder's Perry, Tuscaloosa Co., days near 95 

Savoy P. C, Franklin Oo„ clays near 108 

Saxony clays and kaolins 54 

School House BUll, Oenterville Co., clays in 91 

Schists, mica 70 

Screening of kaolin .' 66 

Sections of clay beds and outcrops 77. 78, 89, 90, 91, 93, 94, 95, 96, 98, 99, 

100, 102, 103, 104, 106, 109, 110, 111, 162i 

Soger cones (pyramids) 32* 

•* quoted 15, 18, 21, 59 

Sedimentary clays 5, 7 

Semi-refractory days 131 

Settling tanks 66 

Sewer pipe in U. S.- in 1897 valuation of. 1 

Shales 7,183,184 

Shales, Carboniferous, for vitrified and pressed brick, terra cotta. etc 80, 81, 105 

Sheffield Paint Company, clay of* 112 

Shewberry, quoted 200 

Shirley's Mill, Fayette Co., clays near 103, 176, 184 

Shrinkage in clays 18, 23, 24, 26, 56, 132 

Silica determination 46 

*^ for paint and glass manafacture 112 

" in clays 20, 21, 51 

Silicate of lime in clays 17 

Siliceous clays 28 

Siderite in days 44 

Sink hole clays... 73 
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Page. 

Sintering in clays 30 

Silurian days 78, 133 

Sizemore, Ira, Lamar Oo., day of. 101 

Slaking 38 

Slate 8 

Sliding cut, Toscaloosa Oo 94 

Sliding of clays 90, 94, 96 

Slip glazes 17 

Smith, Dr. E. A., geological relations of the days of Alabama by.... 69 

i( u u u quoted 13,114,158,189 

Snow place, Tuscaloosa Co., clays on 95 

Soap Hill, Bibb Co., section of .' 91 

Society Hill, Rassell Co.. clays near 88 

Soda in clays 11 

**fi6/f Iftid" process of molding bricks 182 

Soluble alkaline compounds in clays 11 

Southern states, ferruginous clays of 5 

Splitting of bricks 17 

Steele Bluff, Warrior River, clays at 96 

Steven's, Calhoun Co., clay 133, 184 

Steven's Switch, Jefferson Co., clay 80 

Stewart's Cut, Marion Co., clay 104 

'^SHffMvd^' processs of molding bricks 182 

Stone Hill, Cleburne Co., clays near 72 

Stoneware, Clays 79, 97, 169, 162, 165, 169, 170, 171,'173, 178 

** chert for 79 

" manufacture 71 

Sub-carboniferous clays 77, 117, 133 

Sulligent. Lamar Co., clay near 100 

** '* pottery at 92,100 

Sulphur determination 49 

Sulphuric acid, ftee, in clays 12 

Summit, Blount Co., clay and lottery near 80 

Swelling of clays 15, 17 

Talladega County clays 75, 121 

Tampa, Calhoun Co., clays near :... 75 

" •* *• kaolin 74 

Tanks, settling, in washing of clays 6ft 

Tan Yard Spring clay, Lauderdale Co Ill 

Taste of clays 12 

Ten-mile cut clay, Tuscaloosa Oo 97 

Tennessee Valley, clay in 80 

Tensile strength of clays 26 

Terra cotta in U. S. in 1897, valuation of. 1 

Tertiary formation, days of 6, 8, 112, 131, 134, 158 

Thermo-electric pyrometer 31, 37 

Thomas' Mills, Marion Co., clay near 99 

TUeclay 122 

Tile, other than drain, in U. S. in 1897, valuation of. 1 

Tishomingo County, Miss., clays 83 
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Pace. 

Titanic acidin clays 21 

Titanic oxide determination 48 

Trenton, New Jersey, potteries, days shipped to « 78 

Tripoli and Mineral Paint Oo„ Florence 112 

Troughing of kaolins ., 62 

Tullis, A. H., Oalhonn Co., clay of. 76 

Taomey, Prof. M., quoted .• 71 

Toscaloose, clays at and near 02, 03, 04, 06, 116, 202 

Tuscaloosa County days 02, 03, 04, 06, 162, 163, 166, 169, 184, 187, 202 

Tasoaloosa formation, days of. 81, 82, 117, 133, 160 

Ultimate analysis 60, 61, 62 

** " of clays, see analyses of days.. 

'^ '* of kaolins, see analyses of kaolins. 

" •* , uses of 61, 62 

Underbeds to coal seams, clay 80 

United States Oiological Survey, quoted 68 

Utilization of clays 114 

Utilization of clays for Portland cement 190 

Valley Head, DeKalb Co., clays near 133, 146, 148 

*• " ** " kaolin near 61 

Valley Regions Reports, quoted 75, 76, 77, 80, 83, 110 

Vance Station, Tuscaloosa Co., clay near 04 

•' " " potteryat 80 

Vaugn's lottery, Elmore Co 88 

Vein clays 6, 70 

" kaolins 7,61 

Vernon. Lamar Co., clays near 08 

Vineton, Autauga Co., clays near 80; 00 

Viscosity of clays 30 

Viscous clays 30 

Vitrified bricks 80 

•* •• , clays for 88 

•* *' , shales for 105 

Vitrified paving bricks in U. S. in 1897, valuation of. 1 

" ware, clay for 10 

Vitrification of clays 30 

Vogi, G., quoted 53 

Waldrop's, Fayette Co., clay , 103 

Wallace's Mill, clay near .» 102 

Warping of clay in burning 27 

Warwhoop bauxite bank, Cherokee Ck)., clay in 76 

Washer bauxite bank, Cherokee Co., clay in 76 

Washing of kaolin ; 62 

Washington County fiint days 131, 158 

Water in clay 22, 45, 51 

Water (combined) determination 45 

** •• in clays 51 

Waterloo, Lauderdale Co., white silica from : 112 

**Water Smoking'' 23 

Wedowee, Randolph Co., day near 73 
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Page. 

Wheeler, H. A., Clays of Mo., qaoted 4, 30, 81 

White and yellow burning days 68,69 

White, P. 8., clay from Bloniit tSt)., from 160 

White mica in days 48 

White Blnir, Warrior RiYer, clays at ^ 96 

White ware clays 125, 130 

•* mixture 116, 117 

Whitewash, clay used as a. 86 

Wiggins, tCenry, Fayette Co.. clay in bored well of....: 103 

Wiggins, Hezekiah, Fayette Co., day of. 103, 178 

Williams, J. W. Colbert Co., clay of. 167, 180 

Williford's landing, Warrior River, clay at 96 

Will's Valley days. 77, 78, 79, 117 

Woodbridge fire days, sHioa in 20 

Woodstock, Bibb Co., clay near 92, 183, 134, 161, 184, 191 

Works, Bessemer, clays for fire brick 109, 150 

Wright's P. O,. Lauderdale Co,, day near Ill 

Tellow burning clays 69 
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